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FOREWORD 

The Argonne National Laboratory (ANL) program entitled "Environmental 
Control Technology Survey of Selected U.S. Strip Mining Sites" ^^ "jeing 
funded by the U.S. Department of Energy (DOE). The program was established 
in 1975 by an interagency agreement between DOE's precursor — the U.S. 
Energy Research and Development Administration — and the U.S. Environmental 
Protection Agency (EPA). 

This program has a twofold purpose which is related in part to the in
terests of its two federal sponsors. The overall issue addressed by both 
sponsors is the need to satisfy increased coal demand in an environmentally 
acceptable manner. Each sponsor, however, has particular interests: DOE is 
interested in the efficacy and practicability of coal mine effluent control 
options currently in use, an identification of control technology problems 
and needs, and recommendations for research in these areas; the EPA was in 
terested in an assessment of the validity of its effluent limitations guide
lines and new source performance standards for the coal mining industry, with 
this assessment emphasizing seasonal and climatic variation impacts on efflu
ent quantity and quality. A program plan was outlined to (1) project future 
coal production levels to the year 2000 as a basis for selection of case 
study mines, (2) gather data on effluent volumes and characteristics at sur
face mine case study mines, (3) examine the efficacy and economics of current 
effluent-control systems (treatment facilities and settling ponds), (4) as
sess the validity of the effluent guidelines, and (5) evaluate potential en
vironmental impacts related to increased surface mining. 

Suimnaries of the program's various aspects are being published in 
several volumes. Water quality data gathered at the case-study sites are 
analyzed in terms of potential local impacts in Argonne report ANL/EMR-2, 
Volumes 2A-2C, and in several reports in the ANL/EES-TM- series. This report 
(included in the latter series) is being_published essentially as received 
(i.e., with only minimal revision) from the author-consultant named on the 
title page. All sites were coded using state abbreviations in order to pro
tect the identity of individual mines. In ANL/EMR-2, Volume 3, the efficacy 
and economics of the various types of control technologies are examined, 
along with physical and chemical characteristics of treatment waste products. 
Report ANL/EMR-2, Volume 4, contains an assessment of the EPA effluent limi
tations guidelines (and those of the U.S. Dept. of Interior's Office of 
Surface Mining) for the coal mining industry relative to the data collected 
under this program. Thus, this entire set of reports examines the efficacy 
of various control technology options and assesses the potential environmen
tal impacts related to increased surface mining based on detailed case-study 
site data. 





ENVIRONMENTAL CONTROL TECHNOLOGY 
SURVEY OF SELECTED U.S. STRIP MINING SITES 

Water Quality Impacts and Overburden 
Chemistry of Southern Illinois Study Site IL-1 

William C. Hood 

ABSTRACT 

As part of a program to examine the ability of exist
ing control technologies to meet proposed federal guidelines 
for the quality of aqueous effluents from coal mines, inten
sive studies of water, coal, and overburden chemistry were 
conducted at a surface mine in southern Illinois during 
1976-1977. Sampling locations included the receiving stream 
(which flows partly in a man-made channel through the mine-
site), drainage from old and new settling ponds, drainage 
from an old spoil area, and intake water and slurry for the 
coal cleaning operation. No chemical treatment of mine ef
fluent was practiced at this site. In general, mine efflu
ent complied with federal and state standards for pH, manga
nese, and iron. However, total suspended solids concentra
tions often exceeded permitted maximum values in the efflu
ent and the receiving stream due to the use of relatively 
small settling ponds (low retention time) and sediment con
tributions from erosion of unlined banks along the diversion 
channel for the receiving stream. Accompanying overburden 
sampling and analysis completed for this project indicated a 
positive value for the net neutralization potential. 

INTRODUCTION 

The southern Illinois coal-producing area is a portion of the Eastern 
Region of the Interior Coal Province (Figure 1). Along the outcrop area of 
Pennsylvanian-age rocks stretching across the southern third of the state are 
some of the more important counties in terms of coal production. Perry, 
Williamson, and Saline Counties have all produced more than 225 million tons 
of coal since 1882, with much of the production coming from surface mining. 
This study focuses on a surface mine in this three-county area that is fairly 
representative of mines in the western part of the southern Illinois coal-
producing area. 

1.1 SELECTION OF THE SITE 

This mine was suggested as a study area by Dr. Donald Johnson of 
Argonne National Laboratory. A prime consideration in the selection was the 
mine's location in the western part of the southern Illinois producing area. 



Fig. 1 Eastern Interior Basin in Illinois, Indiana, and Kentucky 

Sampling began on June 8, 1976, and continued until July 5, 1977. 
Sampling was done every other week, with few exceptions. The only major 
break came during January of 1977 when severe cold weather froze the streams 
in the area and made sampling impractical. 

The mine under study has been designated as Mine IL-1. It is located 
in the Illinois Coal Field and specifically in the Southwestern Producing 
District (Keystone Coal Manual designation). 

Drainage of the mine area is into a tributary of the Big Muddy River. 
The Big Muddy is a tributary of the Ohio River. 



1.2 PHYSIOGRAPHY AND TOPOGRAPHY 

Mine IL-1 is in the Mount Vernon Hill County natural region, which 
lies within the Central Lowlands physiographic province and specifically is 
located in the southern portion of the Southern Till Plain Division. The 
Mount Vernon Hill County is an area of mature topography, with restricted, 
flat-to-gentle rolling uplands and prairies and broad alluvial valleys along 
larger streams (Leighton et al., 1948). Wooded hilly areas and low cliffs 
are present. The bedrock is dominantly shale accompanied by some thin, re
sistant sandstone layers that tend to form ridges. A thin mantle of loess 
and Illinois age drift, which only slightly affects the topography, conforms 
to the bedrock surface. Glacial landforms are absent. The area is one of 
low relief, with the maximum difference in elevation between the highest and 
lowest elevations within a typical 7.5-minute topographic quadrangle being on 
the order of 100 to 200 feet. The area has a completely developed drainage 
system characterized by streams that have broad terraced valleys and low 
gradients. Drainage is good in the uplands, but larger valley bottoms are 
poorly drained and are subject to frequent flooding (Leighton et al., 1948). 

Many of the larger stream valleys and some of the smaller ones are 
filled with unconsolidated lacustrine sediments deposited in backwater lakes. 
These lakes were created about 20,000 years ago when meltwater from retreat
ing glaciers caused aggradation of the master streams bordering the region 
(i.e., the Mississippi, Ohio, and Wabash). Sediments built up the main val
ley floors above the level of the local streams and caused ponding of waters 
in the local drainage basins. The lacustrine sediments deposited on the 
floors of these lakes now form broad, flat, poorly drained valley bottoms. 
Many have been terraced by subsequent downcutting of the local rivers. Where 
encountered in mining operations, these unconsolidated water-laden sediments 
cause many problems. 

The study mine is located in an ar^a that has an overall elevation of 
about 475 feet above mean sea level. The topography of the mine area is rel
atively flat with most of the relief arising because of the dissection of the 
uplands by a small stream that is generally incised to a depth of twenty to 
thirty feet below the uplands. Relief on the upland plain is also about this 
same magnitude, making total relief in the area not more than fifty feet. 
Slopes on the side of the valley do not exceed five percent, whereas slopes 
on the upland surface are generally much less than this. 

1.3 CLIMATE 

The climate of the southern Illinois region is typically continental. 
It has cold winters and warm summers, both characterized by frequent fluctua
tions of temperature, cloud cover, etc. Because no natural barriers inter
vene, the area encounters the full sweep of winds bringing in weather typical 
of other areas. Southerly and southwesterly winds bring warm, showery 
weather up from the Gulf of Mexico whereas northwesterly winds bring cool, 
drier weather. Weather fronts generally pass eastward or northeastward 
through the area (Denmark, 1974). 



Precipitation tends to be widespread over the region during fall, 
winter, and spring; however, suiraner rainfall typically occurs as localized 
showers which may be of high intensity. Only three or four days of snowfall 
exceeding one inch will occur in a typical winter, and the ground is covered 
with an inch or more of snowfall less than 15 days per year. 

The accompanying graph shows the seasonal distribution of temperatures 
and precipitation at a weather station several miles from the mine site. 
Mean monthly temperatures range from about 35°F in January to about 80°F in 
July. Mean annual temperature is 58°F. Monthly precipitation is fairly uni
form, varying from a low 2.4 inches in December to 4.4 inches in May (Figure 
2). Spring tends to be the wettest season, with a decreasing precipitation 
trend occurring throughout the rest of the year. Annual precipitation aver
ages 39.9 inches. 

Precipitation at the weather station during the study period is given 
in Table 1 and shown diagrammatically in Figure 3. July 1977 precipitation 
figures are from a rain gauge at the mine. 
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Fig. 2 Average Monthly Precipitation and Temperature at a Weather Station 

near Mine IL-1 (Based on data in Denmark, 1974) 
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Fig. 3 Daily Precipitation at a Weather Station near Mine IL-1 



1.4 GENERAL GEOLOGY 

Mine IL-1 is located near the southwestern edge of the Illinois Basin^ 
a major subdivision of the Eastern Interior Coal Basin (Figure 1). The deep 
est part of this basin is located close to the point where Illinois, Indiana, 
and Kentucky join, but the geographic center is located northwest of this 
point. In general, rocks along the southern edge of the basin tend to dip 
northward to northeastward toward the center of the basin. In the mine area 
the dip is about one degree toward the northeast. This results in a strati 
graphic sequence of successively younger rocks going from southwest to north 
east in the area. 

Several large fault zones disturb this simple picture in southern Il
linois; however, with one exception, faults do not appreciably disturb the 
Pennsylvanian rocks in the coal-producing counties. The one exception is the 
Shawneetown Rough Creek fault zone located in Gallatin and southeastern 
Saline counties. The fault itself is a high-angle reverse fault (Ross, 
1963), and displacement may reach 3600 feet (Wilson, 1959). 

Two other major structural features disrupt the coal-bearing rocks in 

the producing areas and merit description. These are the Eagle Valley Syn-

cline and the DuQuoin Monocline. 

The westward-trending Eagle Valley Syncline (also called Eagle Creek 
Syncline) is on the eastern side of Illinois, mainly in Gallatin County but 
also extending westward into Saline and southward into Hardin counties. 
Pennsylvanian-age rocks are strongly folded into a narrow syncline that re
verses the usual northward dip of the rocks. On the south limb, the rocks 
dip less than 5 degree to the north, and on the north limb the dip is as much 
as 25 degrees to the south. The syncline is bounded on the north by the 
Shawneetown Rough Creek fault zone. 

The DuQuoin Monocline is located where the eastern edges of Jackson, 
Perry, and Washington counties adjoin the western edges of Jefferson and 
Franklin counties. This east-facing, north-south trending structure drops 
on the eastern side by over two hundred feet. The DuQuoin Monocline strongly 
affects the thickness of the Pennsylvanian rocks that cross it, so it appears 
to have been active during Pennsylvanian time, separating a more stable 
western shelf area from a more rapidly subsiding basin (Fairfield basin) to 
the east. 

The coal-bearing rocks of Illinois are Pennsylvanian in age, with most 
of the coal occurring in rocks of Middle Pennsylvanian age. Total thickness 
of the Pennsylvanian section in southern Illinois ranges from about 1500 feet 
in Perry, Randolph, and Jackson counties to about 2500 feet in Gallatin, 
Williamson, and Saline counties. Several formations are presently recognized, 
and cyclic sedimentation patterns are present within each of them. The for
mations of interest in this report are, from oldest to youngest, Caseyville, 
Abbott, Spoon, Carbondale, and Modesto. The Caseyville and Abbott, which 
contain almost no coal, and the Modesto, which is not generally present in 
the overburden of the strip mines, will be dealt with only briefly. 



Caseyville Formation. In the western part of southern Illinois, i.e., 
St. Clair, Randolph, western Perry, and western Jackson counties, Caseyville 
rocks are either thin or absent. However, east of the DuQuoin Monocline 
(i.e., eastern Perry and Jackson counties and further east), Caseyville rocks 
can reach thicknesses of 300 to 400 feet and occasionally more than 500 feet. 

The Caseyville Formation is dominated by clean, well-sorted quartz 
sandstones characterized by the presence of small white quartz pebbles. The 
sandstones, which make up more than 60% of the formation, are frequently 
channel-form and may attain thicknesses of over 100 feet. Cross-bedding is 
common in the channel facies. The sandstones, especially the thick channel 
facies, are resistant to erosion and form the prominent hills and cliffs of 
the Pennsylvanian escarpment in southern Illinois. The remaining portion of 
the formation consists of siltstone and silty and sandy shale. Limestone is 
virtually absent, and the rare coals are thin, lenticular, and discontinuous 
(Figure 4). 

Abbott Formation. The Abbott Formation reaches a maximum thickness of 
about 350 feet in southeastern Illinois. It thins westward to about 50 feet 
west of the DuQuoin Monocline and eventually nearly thins out in the western 
part of the study area. 

Lithologically, the Abbott Formation is similar to the Caseyville be
low it, with about half of the formation consisting of sandstone and half of 
shale (Figure 4). The sandstones are generally thinner, less well sorted, 
finer grained, and more micaceous than those of the Caseyville, and the small 
white pebbles that characterize Caseyville sandstone are absent in Abbott. 
Shales of the Abbott are less sandy than those of the underlying Caseyville, 
and limestones are nearly absent. Coals are thicker and a little more per
sistent than in the Caseyville, but are not generally of economic importance. 

Spoon Formation. The Spoon Formation is about 350 feet thick in south
eastern Illinois and, like the underlying Abbott and Caseyville formations, 
it thins toward the west, especially after crossing the DuQuoin Monocline, 
westward of which thicknesses are on the order of 100 feet. 

The lithology of the Spoon Formation is somewhat different from the 
underlying Abbott and Caseyville formations (Figure 4). The shale contains 
less sand and silt than those of the underlying formations. Sandstones of 
the formation are not markedly different from those of the Abbott, although 
they tend to be be more argillaceous and micaceous. Both channel and sheet 
facies of sandstones are present. Limestones are thin but have appreciable 
lateral extent. They make up only a small amount (1 to 2%) of the formation. 

Coals of the Spoon Formation are the earliest widespread coals of 
Pennsylvanian age in southern Illinois. Coals of economic importance are 
listed below. 

• New Burnside Coal Member. This coal is well developed, 
but outcrops are scattered. It attains thicknesses up to 
five feet. 



Palzo Ss. 
Seelyville C. 

DeKoven C. 
Davis C. 

Wise Ridge C. 
Mt. Rorah C.-

Murphysboro C. 

New Burnside C. 

Murray Bluff S s . 

Delvjood C. 

Fir .nie S s . 

W i l l i s C. 

Cr inds t a f f S s . 

Reymldsburg C. 

Founds S s . 

Battery RocU Ss. 

Mississippian 

Fig. 4 Generalized Stratigraphic Column of 
Caseyville, Abbott, and Spoon Forma
tions (after Hopkins and Simon, 1970) 
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• Murphysboro Coal Member. Occurring in Jackson and West
ern Williamson counties, this coal locally attains a 
thickness of 7 feet and is currently being mined close to 
the Jackson-Williamson county line. It is not uniformly 
well developed over the area of its occurrence. 

• DeLong Coal Member. Seldom over two feet thick, this 
coal occurs sporadically throughout southern Illinois. 

• Wise Ridge Coal Member. This is a thin, lenticular coal 
widely distributed across southern Illinois. It is too 
thin to be of economic importance. 

• Davis Coal Member. The Davis is an important coitmiercial 
coal in southern Illinois. It averages about four feet 
thick in much of the eastern part of southern Illinois 
where it has been extensively mined. 

• DeKoven Coal Member. This coal occurs from a few feet to 
40 feet above the Davis coal, and the two are coimnonly 
mined together. The DeKoven coal averages three feet in 
thickness. It occurs mainly in southeastern Illinois. 

The stratigraphic interval between the Davis and DeKoven coals merits 
special mention. This zone frequently contains a black shale that is very 
pyritic. Where the pyritic shale is exposed to weathering, it produces some 
of the worst acid mine drainage problems in southern Illinois. 

The combined thickness of the Caseyville, Abbott, and Spoon formations 
reflects and amplifies the westward thinning trend discussed under each indi
vidual formation. This portion of the Pennsylvanian has a maximum thickness 
exceeding 1200 feet in eastern Williamson and western Saline counties, thins 
westward to slightly over 200 feet in northwestern Perry County, and becomes 
even thinner northwest from there. The greatest change in thickness occurs 
in the vicinity of the DuQuoin Monocline. 

Carbondale Formation. The Carbondale Formation is defined as the in
terval from the base of the Colchester (No. 2) Coal Member to the top of the 
Danville (No. 7) Coal Member (Figure 5 ) . The thickness of the Carbondale 
Formation follows the same general trend as the other Pennsylvanian forma
tions. At the inner edge of its outcrop area in Saline County, it reaches 
over 400 feet in thickness, and thins gradually both eastward and westward. 
Across the DuQuoin Monocline it thins rapidly to about 225 feet and continues 
the thinning trend westward until it reaches a thickness of about 175 feet 
along the Perry County-Randolph County border. 

The Carbondale Formation consists mainly of gray shale and gray silty 
shale, which make up about 65% of the formation. Sandstones are locally 
prominent and, when in channel form, may reach thicknesses of 100 feet. 
Sheet-form sandstones are much thinner. The sandstones of the Carbondale 
Formation are commonly subgraywackes and tend to be more argillaceous than 
the older Pennsylvanian sandstone. Sandstones make up about 25% of the 
formation. 
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Danville (No. 7) C. 

Bankston Fork Ls. 

Anvil Rock Ss. 

Janestown C. 

Herrin (No. 6) C. 

Briar Hill (Ko. 5A) C. 

St. David Ls. 

Harrisburg (No. 5)C. 

Sunmum (Ko. 4) C. 

Pleasantview Ss. 
Shawneetovn C. 

Colchester (No. 2) C. 

Fig. 5 Generalized Stratigraphic Column of the Carbon
dale Formation (after Hopkins and Simon, 1970) 

Limestones are fairly coimnon, widespread and persistent. A typical 
limestone is gray to dark gray, argillaceous, and contains marine fossils. 
The typical thickness of the limestones is one to five feet, but they occur 
frequently enough to make up about 5% of the formation. 

Coals make up roughly 5% of the Carbondale Formation. They are abun
dant, widespread, and persistent. Many are relatively thick, commonly rang
ing from 2 to 7 feet, and occasionally reaching 15 feet, in thickness. Below 
is a list of the coals of the formation, in ascending stratigraphic order, 
beginning with the Colchester (No. 2) Coal Member at the base of the for
mation. 

• Colchester (No. 2) Coal Member. This is a very persis
tent coal that locally reaches a maximum thickness of 18 
inches in southern Illinois. Although it does not appear 
to reach minable thickness in the area, its persistence 
makes it useful as a stratigraphic indicator horizon. 

• Shawneetown Coal Member. This was formerly called the 
No. 2A Coal in southeastern Illinois. It is normally 
quite thin but in a few scattered drill holes has been 
reported to reach 8 feet. Where found, it is gener
ally about 50 feet above the No. 2, and tends to be 
absent in the western part of the area. 
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Summun (No. 4) Coal Member. This is another widespread, 
persistent coal used as a stratigraphic marker. Gener
ally thin, the coal is reported to reach a maximum thick
ness of 2 to 3 feet in scattered drill holes in Randolph, 
Perry, and Jackson counties. It has been mined in a few 
places in southeastern Williamson County and in Saline 
County and was being mined in two small pits in that area 
at the time of this study. It is associated with a black 
fissile shale horizon, 6 to 8 feet thick, that overlies 
the coal and makes the stratigraphic interval of the coal 
evident even when the coal is missing. 

Harrisburg (No. 5) Coal Member. This is the second most 
important coal commercially in Illinois. It overlies the 
No. 4 by an interval of 50 to 80 feet, with the lower end 
of this range being more common in southwestern Illinois. 
Thickness of the coal exceeds 7 feet in Saline and Galla
tin counties. It thins westward to less than 30 inches 
in most of the area west of the DuQuoin Monocline. One 
known exception to the low thickness west of the mono
cline is in the southwestern corner of Perry County and 
in an adjacent area in Randolph County, where the coal is 
from 5 to 7 feet thick. In part of southeastern Illi
nois, the coal is overlain by a gray silty shale, the 
Dykersberg Shale Member. Where this shale occurs, the 
coal has lower sulfur content and more shale partings 
than where the more coiranon black shale overlies the coal. 

Briar Hill (No. 5A) Coal Member. This is a thin, discon
tinuous coal known in southeastern Illinois. It is of 
little cotmnercial importance. It occurs in Gallatin and 
Saline counties within a zone of sandy strata. It 
reaches 18 to 30 inches in the Eagle Valley Syncline, but 
its thickness is very erratic. 

Herrin (No. 6) Coal Member. This is a bright-banded coal 
which ranks first in cotmnercial importance in the state. 
The thickness pattern of the No. 6 coal is unlike that of 
most of the Pennsylvanian units in southern Illinois. 
The No. 6 coal tends to thicken going from eastern Galla
tin County, where it tends to be less than 4 feet thick, 
toward western Williamson and northeastern Jackson Coun
ty, where it attains a thickness of 8 to 9 feet. How
ever, right in the middle of this zone of thick coal, 
there is a coal cutout; this is caused by sandstone chan
nel located approximately along the border of Williamson 
County with Perry and Jackson counties. West of the cut
out, the coal thins to the 5-to-7-foot range. 

Jamestown Coal Member. This is a thin coal, seldom more 
than a few inches thick. Four to six inches is the usual 
thickness in the eastern counties. 
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• Danville (No. 7) Coal Member. This coal was formerly 
known in southwest Illinois as the Cutler Coal. It 
reaches a maximum thickness of about 18 inches in south
western Illinois and up to a maximum of 30 inches in the 
southeastern counties. 

The stratigraphic interval between the No. 5 and No. 6 coals is of im
portance because it occurs as spoil material in many strip mines in southern 
Illinois. The thickness of this sequence of rocks varies considerably, from 
about 125 feet in eastern Gallatin County to less than 25 feet in western 
Perry County. In general, the thicker eastern portion of this inteval is 
characterized by a higher percentage of sandstone than further west, and the 
shales are also thicker. Where the distance between the two coals is thin, 
limestones and clay predominate, and the clays and shales tend to be limey. 
In contrast to this, there is less than a foot of limestone present in much 
of the eastern area. This lack of neutralization potential, coupled with the 
presence of pyrite in the rocks above the No. 5 coal, allows the formation of 
acidic mine drainage water where the No. 5 coal has been surface mined in 
southeastern Illinois. 

The Carbondale Formation rocks above the No. 6 coal present a differ
ent environmental situation. Although pyrite is present in some units, es
pecially the Anna Shale Member, there are enough limestones in the section to 
neutralize acids generated by oxidative weathering. As a result, water 
draining from overburden that contains upper Carbondale Formation rocks com
monly has high sulfate, hardness, and total dissolved solids, but usually has 
alkalinity exceeding acidity and neutral to above-neutral pH. 

Modesto Formation. The Modesto Formation is the youngest Pennsylvanian 
formation found in most of the coal-producing area of southern Illinois. 
Thickness of the Modesto Formation is 225 feet in most of Perry County. East 
of the DuQuoin Monocline, thickness increases to over 375 feet in northeast 
Williamson County and thins again to a little over 300 feet thick in north
ernmost Saline and Gallatin counties. 

The Modesto Formation is characterized by gray shale, but sandstones 
are locally prominent. The approximate distribution of lithologies is about 
70% shale, 25% sandstone, 5% limestone, and less than 1% coal (Figure 6). It 
has thicker limestones and thinner coals than the underlying Carbondale For
mation, and the presence of red shales also serves to distinguish it from the 
older formation. Coals in this formation are less than a foot thick and are 
not usually of conmiercial importance. 

Only one member of this formation merits mention here. The Piasa 
Limestone Member (formerly called the Cutler Limestone) lies a few feet above 
the No. 7 coal. It is generally less than 4 feet thick in the southwestern 
part of the region but thickens to about 15 feet toward the east, where it 
is known as the West Franklin Limestone. This is a persistent limestone 
horizon which, because of its stratigraphic position in the lower part of the 
Modesto Formation, may occasionally be encountered in strip mine overburden 
in areas where the Carbondale Formation is thin (i.e., west of the DuQuoin 
Monocline). 
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Lake Creek C. 

De Graff C. 

Piasa Ls. 

Fig. 6 Generalized Stratigraphic Section of the 
Modesto and Bond Formations (after 
Hopkins and Simon, 1970) 

1.5 SOILS 

Soils in the vicinity of the Mine IL-1 are upland silt loams that have 
developed under both forest and prairie vegetations. The Cisne-Hoyleton 
association is composed of silt loams that have developed under grassland 
vegetation on parent material consisting of a thick loess cover (up to 6 or 7 
feet) over weathered glacial till. Soils in this association have dark sur
face layers, light A2 horizons and B horizons that extend into the till be
neath the loess. Both have gray, silty clay loam B horizons. Both soils 
have developed on nearly level areas. Permeability through the subsoil is 
poor. Soils of this association are acid, with Cisne soils typically having 
a pH in the range of 4 to 5 and Hoyleton varying from 4.7 to 5.4. 

The second major association in the mine area is the Ava-Blueford-
Wynoose association. These soils are silt loams that developed under forest 
vegetation on parent material consisting of loess over till. Wynoose silt 
loam soils develop on slopes of 0 to 2%, Bluford on slopes of 1 to 4%, and 
Ava on slopes of 3 to 7%. All of these have silty, light-colored surface 
layers and very clayey subsurface horizons. All are acid, with Wynoose rang
ing from pH 4.0 to 4.4, Bluford about 4.5, and Ava from 4.4 to 4.6. 

Soils of the Bonnie-Belknap association are bottomland soils, occur
ring in the larger stream valleys on surfaces with 0 to 2% slope. Bonnie is 
present in the wide bottomlands and Belknap in the upper reaches of the 
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streams. They are formed on alluvial sediments and have basically as^^' 
loam texture throughout, with some sand lenses and pebbles scattered within 
the soils. Both are dark gray to gray-brown. Bonnie tends to be poorly 
drained and has a pH of about 4.7 in the upper 15 inches, with lower pH 
values occurring at depth. Belknap is better drained and has a pH of about 

5.3 (Miles et al., 1970). 

1.6 HYDROLOGY 

Surface Water. The study mine is located in the upper reaches of a 
rather small stream for which little data are available. The Greater Egypt 
Regional Planning and Development Commission has conducted a regional surface 
water survey that included a station on this stream several miles downstream 
from the mine. During the period of May through December 1976, flow at this 
station ranged from 0 to 20.5 cfs and averaged about 2.5 cfs. Other param
eters of interest are listed below (values in mg/L, except for pH). 

Iron: 0.4 to 6.9; avg. 1.7. 

Hardness: 310 to 980; avg. 633. 

Sulfate: 400 to 4000; avg. 1905. 

Total Dissolved Solids: 1110 to 5670; avg. 3706. 

Total Suspended Solids: 12 to 200; avg. 71. 

pH: 7.3 to 8.8. 

Groundwater. Generally only a small to moderate amount of water seeps 
from the highwall or spoil into the open pit. The only time water is a prob
lem in the pit is during periods of heavy rainfall. Flow into the pit is 
slow enough that one sample station selected to monitor pit water was discon
tinued for lack of discharge. Evidence of water movement through older spoil 
material, in contrast to undisturbed or recently mined material, can be ob
served at the pumping station at which water for the washing plant is ob
tained. This pit is filled by underground water flow from old spoil and pos
sibly recirculation from the slurry pond. Geologically, most of the mine 
area is not very favorable for groundwater, since Lower Pennsylvanian sand
stones, which might potentially be aquifers, are either thin or missing. 

Davis (1973) examined the regional water quality in wells that were 
less than 250 feet deep. The general tendency in the area is for the water 
to contain 160 ppm or more chloride, high hardness (over 500 ppm as CaC03), 
and high iron (greater than 40 ppm). Sulfate is generally in the 400 to 800 
ppm range. Waters with such characteristics are not potable. Although ex
ceptions to these general tendencies exist, they are infrequent enough that 
almost all the intensive water use is from surface reservoirs. 
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2 SITE CHARACTERISTICS, SAMPLING,AND ANALYSES 

2.1 MINE OPERATION 

The mine opened in the mid-1960s and has produced coal ever since that 

time. Annual production has declined from around 4.5 million tons in the 

early 1970s to about 3.5 million tons in the late 1970s. 

During the last stages of this study, the mine underwent an expansion 
with the opening of an additional pit. The life expectancy of the mine is 
not known, but it should be in production for well over ten years. 

Mining at the IL-1 is by the area method. In the portion of the mine 
studied for this report, mining was initiated with a box cut. A large 
shovel, a Marion 6360 with 180 cubic yards capacity, removes the overburden 
over the No. 6 coal, after which the No. 6 coal is removed. Subsequently, 
the parting between the No. 6 and No. 5 coals is removed, allowing extraction 
of the No. 5 coal. The size of the shovel is such that the spoil is piled so 
high it tends to be unstable. Therefore, a small dragline, a Page 752, is 
used as a puUback machine, removing the tops of the spoil piles and filling 
the depressions between piles. Bulldozers subsequently level the area to 
grades required by law. Topsoil is scraped by pan scrapers from in front of 
the advancing pit and is then piled on the graded spoil as required under 
Illinois law. 

During the life of this study, a second pit was opened at the inine. 

This is being mined in a similar manner, except that overburden removal is by 

dragline rather than by shovel. 

The mine effluent is not treated to alter its chemical quality. Water 

pumped from the active pits is routed through settling ponds which have been 

designed to provide a residence time of 41 to 72 hours, depending on the in

dividual pit. 

2.2 SAMPLING POINTS AND METHODS 

The sampling points were selected to conform as nearly as possible to 
Argonne's requirements as understood by the investigator. One site that was 
selected to sample pit pumpage water was abandoned because of the lack of 
pumping on virtually every sampling date; hence no sample of water as it came 
directly from the pit is available. The individual sampling sites are de
scribed below. 

301 Main drainage, on the receiving stream, at a point just 
above where the stream leaves the mine. The main drain
age at this point contains water from above mine site, 
water from a sewage plant, and water pumped froin pits. 
The drainage is not in its natural channel but is in a 
drainage ditch dug to divert the water around the min
ing operation. 
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302 Main drainage of the area prior to significant influ
ence of mining. The stream is in a manmade channel at 
this point, but sampling at this location was necessary 
because of discharge from a sewage plant entering the 
stream in the channelized sector. Sampling above the 
sewage infall would have given the impression that the 
mining operation was responsible for any pollutants 
that might be present in the sewage plant discharge. 

303 Discharge from a network of settling ponds associated 
with the original pit location at the time sampling 
started. 

304 Discharge from a settling pond dug to accommodate water 
pumped from the new pit position which was created 
after the initiation of sampling. 

305 Water draining a relatively small area of old spoil. 

306 Slurry from the coal cleaning operation. 

307 Intake water for the coal cleaning operation. 

A generalized flow diagram illustrating the relationship of these sam
pling points to one another is shown in Figure 7. The locations of the sam
pling sites, except for 307 which is east of the map area, are shown in the 
accompanying map (Figure 8 ) . 

Highwall Sampling. The highwall of the northern pit was sampled by 
conventional channel sampling during the spring of 1976. The factors govern
ing the exact location of the channel were accessibility of the face and 
safety of the sampling crew. Relatively thick overburden and loose rock made 
sampling hazardous. A brief lithological description of the highwall rocks 
is given in Table 2 and is shown graphically in Figure 9. 

Highwall Chemistry. Partial chemical analyses of the overburden sam
ples are given in Table 3. With the exceptions of iron and manganese, these 
analyses concentrate on heavy elements (Zn, Cd, Co, Cr, Cu, Pb, Ni, and Hg) 
and not on the common rock-forming elements. The values are, in general, 
typical for sedimentary rocks except for some of the cadmium values, which 
tend to be higher than is common for sedimentary rocks. 

An attempt was made to determine the maximum amount of the elements 
above that might be leached from the overburden rocks under optimum condi
tions. This was done by leaching 10 grams of pulverized rock with 20 mL of 
1 + 1 nitric acid at 60*0 for 20 minutes. The amounts of the various ele
ments leached from the rocks, converted to part per million of the whole 
rock, are given in Table 4. Under these conditions manganese is the most 
easily leached element with an average of 75% of the manganese being leached 
from the overburden rocks. Lead and chromium are the least easily mobilized, 
with 12% and 13% of these elements being removed, respectively. The remainder 
of the elements show extractabilities between 21% and 67%. 
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Fig. 7 Generalized Flow Diagram of Mine IL-1 
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Table 2 Lithology of Highwall, Mine IL-1 

Sample 
No. 

28 
27 
26 
25 

24 
23 
22 
21 

20 
19 
18 
17 

16 
15 
14 
13 

12 
11 
10 
9 

8 
7 
6 
5 

4 
3 
2 
1 

Distance from 
Bottom (ft) 

127-147 
114-127 
102-114 
100-102 

97-100 
87-97 
83-87 
77-83 

74-77 
68-74 
64-68 
63-64 

59-63 
56-59 
51-56 
46-51 

40.5-46 
37-40.5 
31-37 
28-31 

23-28 
13-23 
9-13 
8-9 

7-8 
5.5-7 
4-5.5 
0-4 

Lithology 

Clay, brown 
Shale, sandy 
Shale, gray 
Coal, Cutler No. 6 

Underclay 
Limestone, light gray 
Shale, black 
Shale, light gray 

Limestone, gray 
Shale, gray 
Limestone, light gray 
Shale, dark gray 

Limestone, gray, shaley 
Limestone, light gray 
Shale, gray, fissile 
Shale, gray, fissile 

Limestone, gray, fine-grained 

Shale, black 
Coal, No. 6 
Underclay 

Limestone, gray, massive 
Shale, light gray 
Limestone, light gray 
Shale,_gray 

Limestone, gray 
Shale, gray 
Shale, black 
Coal, No. 5 
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28 

27 

26 

25 
24 

23 

22 
21 
20 
19 
18 
17 
16 
15 
14 

13 

12 

11 

10 

9 

6 
'4.5 
2,3 
1 

'I. I I.I.I.L 

T 1 [, 1 IT 
' ; i"i ' i ' i ' i ' 

Unit 

28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 

Lithology Thickness (ft.) 

Clay, brown 
Sandy Shale 
Gray Shale 
Cutler j?6 Coal 
Underclay 
Light Gray Limestone 
Dark Gray Shale 
Light Gray Shale 
Gray Limestone 
Greenish-Gray Shale 
Light Gray Limestone 
Dark, Grey, Fissile Shale 
Gray Shaley Mudstone 
Gray Limestone 
Gray Fissile Shale 
Gray Fissile Shale 
Massive Grey Limestone 
Black Carbonaceous Shale 
No. 6 Coal 
Underclay 
Light Gray Limestone 
Light Gray Shale 
Light Gray Limestone 
Gray Shale 
Gray Limestone 
Gray Shale 
Black Carbonaceous Shale 
No. 5 Coal 

10-40 
12 
10 
1.5 
3 
10 
4 
6 
3 
6 
4 
1 
4 
3 
5 
5 
6 
1 
5 
3 
5 
10 
3 
1 
1.2 
1 
2 
4 

Vertical Scale: 1 inch = 10 ft 

Fig. 9 Generalized Highwall Section, Mine IL-1 



Table 3 Total Heavy Metals, Mine IL-1 Highwall 

Sample 
No. 

28 
27 
26 
25 

24 
23 
22 
21 

20 
19 
18 
17 

16 
15 
14 
13 

12 
11 
10 
9 

8 
7 
6 
5 

4 
3 
2 
1 

Fe 

24,590 
74,410 
48,740 
36,150 

20,000 
22,310 
34,990 
32,250 

18,390 
19,840 
11,060 
23,050 

35,870 
22,760 
30,660 
23,790 

24,040 
28,360 
16,460 
14,040 

9,930 
16,770 
38,650 
30,900 

15,240 
37,280 
23,230 
10,360 

Mn 

604 
1240 
1530 
154 

148 
733 
186 
573 

1630 
813 
1098 
331 

446 
2070 
820 
638 

723 
40.0 
114 
202 

1324 
473 
2120 
150 

1720 
483 
54.9 
181 

Zn 

78.9 
396 
59.8 
63.9 

109 
71.7 
17.9 
42.0 

25.9 
47.9 
226 
212 

82.0 
11,800 

186 
124 • 

70.1 
16.0 

1000 
188 

40.0 
56.0 
20.0 
46.1 

16.0 
42.1 
48.9 
431 

Cd 

4 
6 
16 
46 

14 
4 
6 
16 

10 
12 
10 
10 

6 
20 
12 
18 

14 
22 
3 
22 

4 
4 
6 
4 

4 
16 
12 
12 

Co 

23.2 
28.0 
37.2 
117 

28.0 
28.0 
41.8 
18.6 

23.2 
14.0 
18.5 
32.5 

32.3 
23.2 
116 
28.0 

37.1 
80.4 
14.0 
23.2 

8.0 
23.2 
33.0 
43.8 

25.8 
94.6 
19.4 
28.0 

Cr 

50.1 
73.9 
65.9 
18.0 

106 
12.0 
232 
89.9 

18.0 
66.0 
23.8 
91.7 

67.4 
24.0 
73.8 
102 

26.0 
272 
15.0 
78.2 

40.0 
108 
44.0 
131 

30.0 
222 
948 
14.0 

Cu 

14.0 
50.0 
32.0 
20.0 

34.0 
336 
110 
30.0 

18.0 
24.0 
11.9 
25.9 

39.7 
12.0 
21.9 
30.0 

16.0 
103 
8.0 
32.1 

11.4 
22.0 
14.0 
48.0 

10.0 
108 
232 
4.0 

Pb 

206 
40 
198 
152 

70 
28 
60 
308 

16 
244 
139 
157 

206 
59. 
291 
32 

59. 
290 
105 
92. 

118 
80. 
88. 
22. 

30. 
326 
30 
130 

9 

9 

2 

,2 
,0 
,0 

,0 

.0 

Ni 

16.0 
44.0 
85.0 
32.1 

71.1 
44.0 
158 
38.0 

37.9 
32.0 
31.8 
37.9 

106 
50.0 
37.9 
50.0 

87.9 
137 
16.0 
38.1 

38.0 
44.1 
44.0 
120 

50.0 
186 
368 
32.0 

Hg 

0.372 

0.090 
0.247 
0.091 

0.169 
0.300 
0.511 
0.028 

0.034 
0.434 
0.058 
0.047 

0.228 
0.193 
0.427 
0.407 

0.544 
0.071 
0.096 
19.900 

0.020 
0.043 
0.092 
0.059 

0.076 
0.013 
0.031 
0.082 



Table 4 Acid-Leachable Heavy Metals, Mine IL-1 Highwall 

Sample 
No. 

28 
27 
26 
25 

24 
23 
22 
21 

20 
19 
18 
17 

16 
15 
14 
13 

12 
11 
10 
9 

8 
7 
6 
5 

4 
3 
2 
1 

Fe 

10,230 
26,280 
35,900 
30,760 

9,990 
640 

30,130 
8,110 

2,680 
8,880 
7,110 
12,650 

17,830 
15,630 
16,220 
20.920 

2,050 
17,050 
15,920 
7,630 

8,160 
14,610 
38,810 
25,000 

14,080 
3,290 
20,260 
7,680 

Mn 

430 
893 
1400 
136 

97.0 
457 
149 
456 

1010 
635 
258 
278 

447 
1670 
749 
592 

637 
120 
44.9 
418 

1600 
104 
167 
444 

1310 
157 
65.0 
19.2 

Zn 

29.7 
51.9 
166 
8230 

48.5 
2.4 

201 
10.5 

13.0 
15.5 
8.5 

43.4 

84.3 
13.5 
82.9 
92.1 

8.1 
492 
47.7 
4.0 

8.2 
15.6 
11.6 
36.5 

8.8 
149 
708 
5.0 

Cd 

0.8 
0.8 
1.4 
11.7 

0.5 
2.2 
2.6 
0.1 

1.8 
1.4 
1.9 
1.7 

0.9 
2.0 
2.6 
18.5 

14.2 
16.2 
5.7 
14.2 

11.7 
3.3 
14.2 
24.1 

16.0 
28.8 
16.5 
1.7 

Co 

10.4 
15.2 
18.2 
7.0 

11.3 
13.5 
19.0 
12.1 

12.1 
11.6 
12.4 
11.9 

16.8 
12.9 
14.8 
18.5 

14.2 
16.2 
5.7 
14.2 

11.7 
3.3 
14.2 
24.1 

16.0 
28.8 
16.5 
1.7 

Cr 

6.4 
10.5 
11.6 
2.1 

7.7 
5.2 
31.1 
3.6 

4.8 
5.9 
5.5 
5.9 

7.1 
6.8 
6.2 
8.2 

6.0 
21.0 
0.1 
2.6 

6.7 
1.0 
9.5 
5.4 

6.2 
11.8 
113 
1.0 

Cu 

8.9 
26.8 
24.0 
16.7 

24.0 
5.2 
76.2 
17.8 

13.4 
15.8 
8.2 
18.7 

29.8 
8.5 
17.2 
23.1 

10.8 
77.8 
4.8 
19.5 

6.6 
12.3 
7.7 
31.7 

9.2 
76.4 
165 
3.4 

Pb 

3.3 
2.0 
3.6 
58.6 

8.0 
11.5 
13.1 
3.8 

3.1 
6.5 
4.4 
3.1 

6.0 
3.3 
2.8 
4.1 

9.1 
2.1 
1.7 
5.3 

4.3 
5.8 
1.7 
3.4 

3.6 
9.6 
29.4 
2.5 

Ni 

14.6 
31.8 
36.0 
19.6 

34.2 
13.2 
148 
37.1 

11.1 
18.6 
12.4 
33.9 

55.8 
15.6 
34.7 
49.4 

20.6 
128 
6.7 
31.6 

10.6 
8.1 
16.7 
79.3 

20.9 
151 
202 
4.8 

Hg 

0.005 
0.020 
0.016 
0.078 

0.021 
0.001 
0.089 
0.008 

0.009 
0.013 
0.004 
0.007 

0.007 
0.005 
0.007 
0.008 

0.038 
0.038 
0.024 
0.032 

0.002 
0.019 
0.009 
0.008 

0.000 
0.016 
0.048 
0.067 
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Net Neutralization Potential. Most units of the highwall show both an 
acid potential and a neutralization potential (Table 5 ) . For most units ot 
this mine, neutralization potential exceeds the acid potential, giving a pos 
itive net neutralization potential. This is shown in Figure 10. By means of 
the net neutralization potential of each unit weighted by the thickness of 
that unit in the highwall, an overall net neutralization potential can be 
calculated for the mine. This value is 189 tons of CaCOs per 1000 tons of 
overburden. The two mined coal beds are excluded from this calculation. 

2.3 COAL ANALYSES 

Both the Harrisburg (No. 5) and the Herrin (No. 6) coals are being 
mined at IL-1. The minor element chemistries of the two coals were deter
mined at the same time as the overburden and are included with those data 
(Table 3, analyses 1 and 10). 

A proximate and an ultimate analysis of the combined prodijction from 
the two seams were available from the company and are presented in Table 6. 
Additional average data for the No. 5 and No. 6 coals in the mine area given 
in the Keystone Coal Manual (Table 7 and Table 8, respectively). 

2.4 WATER ANALYSES 

Flow. No flow data were routinely collected. Some flow data were 
collect'edit two stations during the last few months of the project; these 
are tabulated in Appendix E and presented graphically in Figures 11 and 12. 

Dissolved Oxygen. The water coming into the mine shows a poorly de
veloped tendency for higher dissolved oxygen values to be present when water 
temperatures are low. In spite of wide differences in temperature, there 
does not seem to be any well-developed seasonal trend in dissolved oxygen for 
the other sample stations. 

pH. No seasonal trends were observed in pH. No pH problems exist in 
this ar'ea, as almost all of the values measured in the field were between 7 
and 8.5. Even in the slurry pond circuit the water retained its high pH 
nature. The high pH is a function of the large positive net neutralization 
potential; there is enough neutralization potential to more than neutralize 
any acid ' that might be produced through oxidative weathering of pyrite. 

Temperature. The only trend observed for this parameter is the sea

sonal variation expected from the climate of the area. 

Conductivity. Conductivity shows a seasonal trend, generally being 

lower in winter than in spring and suiiraier. 

On most sampling dates, conductivity increases as the water passes 
through the mine area. The increase is often by a factor of two or more. 
This is a reflection of the relatively high conductivity of water being 



Table 5 Sulfur Forms and Acid-Base Balance for Overburden 

Sample 
No. 

18 
17 
16 
15 
14 

13 
12 
11 
10 
9 

8 
7 
6 

5 
4 

3 

2 

1 
0 
9C 

8C 

7C 
6C 
5C 
4C 

3C 
2C 
IC 

Depth 
(ft) 

20-0 
33-20 
45-33 
47-45 
47-50 

60-50 
64-60 
70-64 
73-70 
79-73 

83-79 
84-83 
88-84 

91-88 
96-91 

101-96 

106.5-101 

110-106.5 
116-110 
119-116 

124-119 

134-124 
138-134 
139-138 
140-139 

141.5-140 
143-141.5 
143-147 

Munsell 
Value 

and Chroma 

10 
10 
5 

5 

5 

5 

5 

5 

5 

YR 6/6 
YR 7/4 
YR 6/1 
N 2 
N 7 

YR 8/1 
N 7 
N 7 
YR 8/1 
N 7 

N 7 
YR 6/1 
N 5 

N 6 
N 5 

N 4 

N 7 

YR 2/1 

YR 6/1 

N 8 

N 8 
N 8 
N 7 
N 7 

YR 6/1 
N 1 
N 1 

Lithology 

Clay 
Shale, sandy 
Shale 
Coal 
Underclay 

Limestone 
Shale 
Shale 
Limestone 
Shale 

Limestone 
Shale 
Limestone, 
shaley 

Limestone 
Shale, 
fissile 

Shale, 
fissile 

Limestone, 
fine-grained 

Shale 
Coal 
Underclay 

Limestone, 
massive 

Shale 
Limestone 
Shale 
Limestone 

Shale 
Shale 
Coal 

Su 

Total 
Sulfur 

0.02 
0.04 
0.21 
5.58 
0.53 

0.30 
3.03 
1.15 
0.25 
1.01 

0.16 
1.10 
1.42 

0.41 
1.52 

1.86 

0.46 

2.48 
3.96 
0.75 

0.48 

1.47 
0.26 
2.83 
0.45 

2.93 
2.27 
3.02 

Ifur Fraction (%) 

Sulfate 
Sulfur 

0.01 
0.01 
0.02 
0.48 
0.08 

0.17 
0.69 
0.13 
0.06 
0.16 

0.03 
0.11 

— 
0.03 
0.18 

— 

0.0 

0.14 
0.14 
0.34 

0.06 

0.14 

— 
0.29 
0.16 

0.23 
0.01 
0.04 

Sulfide 
Sulfur 

0.01 
0.03 
0.19 
5.10 
0.45 

0.13 
2.34 
1.02 
0.19 
0.85 

0.13 
0.99 
2.55 

0.38 
1.34 

1.90 

0.41 

2.34 
3.82 
0.41 

0.42 

1.33 
0.27 
2.54 
0.29 

2.70 
2.28 
2.98 

Tons CaC03 Equivalent/1000 Tons Material 

Acid 
Potent ial 

0.2 
1.0 
5.9 

159.4 
14.0 

4.1 
73.0 
31.8 
6.1 
26.4 

4.2 
30.8 
79.8 

11.8 
41.8 

59.4 

12.8 

73.0 
119.3 
12.7 

13.1 

41.6 
8.6 
79.4 
9.1 

84.5 
71.1 
93.0 

Neutralization 
Potential 

41.3 
23.9 
18.1 
21.6 
24.2 

557.7 
6.5 

143.4 
542.6 
431.2 

542.6 
232.7 
20.4 

522.9 
289.7 

226.3 

550.7 

30.3 
23.9 
214.7 

541.4 

38.4 
519.4 
239.7 
539.1 

75.0 
37.8 
34.4 
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T a b l e 6 P r o x i m a t e and U l t i m a t e A n a l y s i s of Combined Co 
P r o d u c t i o n a t Mine I L - 1 ( H a r r i s b u r g No. 5 and 
and H e r r i n No. 6 C o a l s ) 

Coal Name 

Thickness 

Descr ip t ion 

Harrisburg (No. 5) 
Herr ia (No. 6) (Combined prodactton f r o . mine) 

J fo - 5 - 48 inches . No. 6 - 40 i„ehes 

Bituminous 

Heating Value 
(Btu/lb) 11^675 (as received basis) 

36.22 

45.38 

4.42 

Proxijrate Analysis (X) 

I-loisture 7.66 

Vo la t i l e 

Fixed Carbon 

Ash 10.74 

Ultimate Analysis (X) 

Hydrogen 

Carbon 

n i t rogen 

Oxygen 

Total Sulfur 

Forms of Sulfur (%) 

P y r i t i c ( su l f ide) S ^•''^ 

Sulfa te S O-OZ 

Organic S 

Tota l S 

64.47 

1.03 

8.50 

3.09 

0.66 

3.09 

Source of Aiialyticnl Coal Company 
Dnt.i 
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T a b l e 7 A n a l y s i s o f H a r r i s b u r g No. 5 Coa l 

Co.ll Name 

Thickness 

Descr ip t ion 

Harrisburg (No. 5) 

Heap v a l u e s , county Including Mine lL-1 

Heating Value 
(Btu / lb) 12,616 

41.8Z 

48.0 

Proximate Analysis (%) 

Moisture 7.2% 

Volatile 

Fixed Carbon 

Ash l°-2 

Ultimate Analysis (%) 

Hydrogen 

Carbon 

Nitrogen ^ 

Oxj'gen ^ 

Total Sulfur 

Forms of Sulfur (%) 

Pyritic (sulfide) S 

Sulfate S 

Organic S 

Total S 

3.9 

Source of Analytical 
nata Keystone Coal Manual (1975) 

http://Co.ll
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T a b l e 8 A n a l y s i s o f H e r r i n No. 6 Coal 

Coal Name Herrin (No. 6) 

Thickness 

Descript ion Mean va lues , raw coal 

Heating Value 
(Btu/ lb) 

Proximate Analysis (%) 

Moisture 

Vola t i l e 

Fixed Carbon 

Ash 

Ultimate Analysis (X) 

Hydrogen 

Carbon 

Nitrogen 

Ox>'gen 

Total Sulfur 

Forms of Sulfur (Z) 

Pyritic (sulfide) S 

Sulfate S 

Organic S 

Total S 

12,080 

9.6 

46.2 

14.2 

3.9 

Source of Analytical 
Data Keystone Coal Manual (1975) 
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pumped from the pits. Although large amounts of pit pumpage were not being 
produced during most of the sampling period, the amount is sufficient to in
crease the conductivity of the creek that receives it. The water draining 
old spoil material has conductivity values similar to the pit water, suggest
ing that high conductivity (and hence high total dissolved solids) will be a 
factor in water draining this area for many years. 

Ammonia. Ammonia does not appear to show any seasonal trends. There 
is usually, but not invariably, more ammonia in the water coming into the 
mine than in the discharge water. Ammonia in relatively high concentrations 
was occasionally found in the pit discharge. The probable explanation for 
this is the use of an ammonium nitrate explosive in the pit. 

Appreciable concentrations of ammonia were also found in the slurry 
pond circuit. These were almost always higher in the discharge side of the 
circuit, suggesting ammonia is entering the water during the washing process. 
This could be a result of leaching of incompletely consumed explosives or 
ammonia coming from the coal itself. 

Chloride. Chloride shows a weak seasonal trend, with higher values 
occurring in warmer months. The chloride value of the water is generally 
higher after it passes through the mine area. The chloride concentration of 
the pit pumpage water is at times considerably higher than is typical of sur
face water in southern Illinois. The chloride appears to be derived by rain
fall leaching chloride from some of the overburden rocks. Many of the rocks 
in the highwall appear to be of marine origin, and it is possible that small 
amounts of chloride still remain trapped within them. 

Fluoride. Fluoride shows no seasonal trend. The amount of fluoride 
in the creek usually increases as the water passes through the mine, but the 
amount of increase is slight. Values seldom exceed 1 mg/L anywhere in the 
system. 

Sulfate. There is an imperfectly developed seasonal trend for sul
fate, with values tending to be lower in winter than in the spring and summer 
months. 

Sulfate generally increases considerably as the creek passes through 
the mine area. This is most likely due to the pit pumpage, which commonly 
contains between 1500 and 3000 mg/L of sulfate. These values are much higher, 
often by an order of magnitude, than those of the water entering the mine and 
serve to increase the sulfate load of the creek. 

Sulfate values of the intake and outlet sides of the slurry pond cir
cuit are, as expected, very nearly the same. 

Total dissolved solids. Total dissolved solids are the parameter upon 
which conductivity depends. In this mine, sulfate makes up between one-half 
and two-thirds of the total dissolved solids. Because of these relationships, 
total dissolved solids behaves in the same, fashion as conductivity and sul
fate; i.e., they increase upon passage of water through the mine. 

Suspended solids. No seasonal trend was apparent in this parameter. 
The amount of suspended solids is generally higher in the water leaving the 
mine than in the water as it enters the mine. 
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The two settling ponds were considerably different in their effective

ness. The suspended solids load of the older pond was considerably higher 

than that of the newer pond. 

Alkalinity. Alkalinity shows a seasonal trend. It is higher in 
warmer weather than in winter. There is little change in the parameter as 
the water passes through the mine. About half of the samples showed a slight 
increase and half a slight decrease. 

Acidity. This parameter shows a poorly developed trend of increasing 
in the summer, but not all stations show the trend. Acidity tends to in
crease slightly as the water passes through the mine. However, in spite of 
the increase, acidity is almost always less than alkalinity, which is to be 
expected in a mine that has overburden rocks with a high positive net neu
tralization potential. 

Total iron. No seasonal trends are present for iron. There is a 
general tendency for iron to increase slightly as it passes through the mine, 
although it usually does not exceed 2 mg/L in the effluent water. 

In general, iron values in the water at Mine IL-1 are relatively^ low. 

Except for slurry pond water, no value exceeded 12 mg/L, and only 16% ex

ceeded 2 mg/L. 

In the slurry pond circuit, iron was generally low except on two oc
casions, when values of 57.9 and 91.5 mg/L were recorded. The cause of these 
two abnormally high values is not certain, but because they are both on the 
dicharge side of the circuit, perhaps they are due to dissolution of small 
pyrite grains that might have gotten through the filter. 

Calcium. In general, calcium increases by a few milligrams per liter 
as the water passes through the mine. The pit pumpage waters tend tc> be 
higher in calcium than either water coming into or discharging from the mine, 
which accounts for the slight increase. The behavior of calcium in this mine 
is unusual for southern Illinois. As a general rule, calcium increases 
greatly in mine-related water and makes up a fairly sizable part of the dis
solved load. 

Sodium. This parameter shows a good seasonal trend, increasing in 

summer and decreasing in winter. 

There are good relationships in this mine between sodium, total dis
solved solids, and conductivity. In general, sodium is about one-third to 
one half the value for total dissolved solids. Because of these relation
ships, sodium should follow the same patterns observed for sulfate, total 
dissolved solids, and conductivity. The seasonal trend is part of this pat
tern, as is an increase in sodium as the water goes through the mine area. 

Manganese. Manganese shows no seasonal trends. Values for manganese 
do not change much as water passes through the mine, although they may in
crease very slightly. Manganese concentrations are almost always less than 1 
mg/L. The highest values of manganese are associated with drainage from an 
old spoil area. Although higher than the values from the present mine area, 
these values are also generally less than 1 mg/L. 
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Aluminum. Aluminum does not show any seasonal trend Although the 
aluminum values are erratic, there is a slight tendency for the values to 
increase slightly as the water passes through the mine. The aluminum values 
are high for a water with a near neutral pH. 

Copper. This element shows no seasonal or geographical trends. It is 
present in only very small quantities and seldom reaches concentrations as 
high as 0.1 mg/L. 

Zinc. Zinc, like copper, shows no seasonal or geographic trends. 
Values seldom exceed 0.05 mg/L. 

Strontium. Strontium shows a slight tendency to increase in warmer 
months in the mine-related water. The waters of the creek increase in stron
tium content as they pass through the mine area. 

2.5 TREATMENT EFFECTIVENESS 

The only treatment being given to the water occurs when water pumped 
from the pit passes through the settling ponds. Water from the mine has to 
meet whatever environmental standards are established, so the final effluent 
will also be evaluated in terms of the various reference values Argonne has 
suggested. 

_pH. Water leaving the settling ponds and the final effluent leaving 
the mine would have no trouble meeting standards of pH between 6 and 9. 

Total iron. Water from the settling ponds exceeded the daily maximum 
value of 7.0 mg/L only twice during the course of the study. At the pH 
values of the water, most of the iron should be in particulate form, so that 
slightly larger settling ponds would probably make this value attainable. 
For the effluent leaving the property, the value of 7 mg/L was never exceeded, 
so the water easily could meet such a requirement. 

Settling pond discharge exceeded the maximum daily value of 3.5 mg/L 6 
out of 23 times, or 26% of the time. This would suggest the settling ponds 
are not currently effective enough to reach this value. Either they would 
have to be enlarged to allow a longer residence time, or some treatment such 
as the addition of flocculent would have to be initiated. On the other hand, 
as the creek passes out of the mining area, total iron exceeded 3.5 mg/L only 
twice. It would appear that a 3.5 mg/L daily maximum could be met, but it 
would probably require larger settling ponds for the pit discharge or a set
tling area on the creek itself. 

For 30-day average values, the data collected in this study cannot be 
used directly because the samples were collected only twice a month. One can 
make a rough approximation by examining back-to-back samples and assuming 
that each sample is representative of a 15-day period. Thus, two back-to-
back samples with high values could be taken to be a month of high daily 
values for purposes of evaluating the probability of the water's exceeding a 
particular value. 
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Pit discharge water would have exceeded a maximum value of 3.5 mg/L 
for about 1.5 months out of the 13 months of the study. The mine effluent 
would not have exceeded this value during the entire study period. 

Pit discharge would have exceeded a maximum value of 3.0 mg/L for 

about 1.5 months out of 13. The mine effluent would have exceeded the value 

one month out of the 13. 

Total manganese. A value of 4 mg/L daily maximum or a value °f ^.0 

mg/L 30 day average for total manganese was easily met by pit discharge and 

mine effluent during the entire sampling period. 

Total suspended solids. For a value of 10 mg/L suspended solids, the 
settling ponds are not very effective, attaining this value only about half 
of the time. The creek water seldom gets below this value. The mine, with 
its present practices, would be in nearly constant violation if this value 
were the standard. This is something that could be expected in view of the 
fact that the creek is channeled around the mine and occupies a fresh, un
lined, and unstable (from a geologic perspective) channel. Erosion of sedi
ment from the bottom and sides of this channel is to be expected. One way 
the sediment load could be reduced would be to construct a settling pond at 
or near the point of discharge of the creek from the mine area, giving the 
sediment a chance to settle out. An alternative method might be to construct 
small barriers within the channel to create small bodies of standing water 
and thereby allow some sediment to settle. A settling pond would be more 
effective, but would present a considerable problem because the drainage area 
of the creek is large enough to have considerable flow at times. 

Values of 40 mg/L daily maximum and 35 and 30 mg/L 30 day maximum 
values for suspended solids cannot be met at the mine with current practices, 
either for the settling ponds or for the mine efflunt. 
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3 HEALTH AND ENVIRONMENTAL IMPACTS 

3.1 SURFACE WATER 

At Mine IL-1, the only treatment of the water is the system of set
tling ponds, two of which were examined in succession during the course of 
the project. The first pond was small, and the suspended sediment frequently 
exceeded 50 mg/L. (This figure is mentioned because it is the standard cur 
rently set by Illinois for mine effluent). By this standard, the first pond 
was not very effective. The second pond, on the other hand, is much more 
effective and can generally produce water with less than 35 mg/L suspended 
solids, a value currently under consideration for adoption by the state of 
Illinois. 

The drainage diversion ditch which takes the creek around the mine is 
itself a probable source of suspended sediment. Its steep banks are more 
subject to erosion than a natural stream, and gullying on the sides attests 
to the fact that sediment is being washed into the channel. At the time this 
project was ending, plans were being made to move the creek once again, this 
time into the mined area close to its original position. This move will 
shorten the stream length and may give the channel a more natural shape, but 
it will also provide opportunity for continued erosion of material into the 
stream. 

At the point where the creek leaves the main part of the mine, sus
pended solids were frequently higher than 50 mg/L. Ample opportunity has 
existed in the past for the stream to pick up materials from pit pumpage and/ 
or erosion of the channel. Similar opportunities are likely to exist in the 
future. One way to solve the problem of high suspended solids would be to 
have one or more settling ponds on the stream itself, with one close to the 
point of discharge from the mine property." If more stringent standards are 
adopted, something like this will probably be imperative unless the mine is 
granted a variance. 

The other environmental impact the mine has and will continue to have 
is in the area of water quality. Water draining from the mined area will 
show the effects of interaction with the overburden rocks and will contain 
those materials it picks up from the rocks. The quality of the water is 
likely to be similar to that currently in the creek after it has received the 
mine contribution. Based on these data, water below the mine ought to con
tain about the following values: 

Total dissolved solids: 2700 mg/L average; 
range 400 to 6100 mg/L. 

Sulfate: 1450 mg/L average; 
range 200 to 3600 mg/L. 

Sodium: 830 mg/L average; 
range 60 to 2150 mg/L • 
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This water will not be particularly harmful, but the high concentrations of 
these three parameters should make it unsuitable for drinking water and of 
somewhat limited usefulness for such applications as stock watering or irri
gation. In connection with the latter application, the water was used during 
the summer of 1977 for watering a crop planted on recently reclaimed mine-
spoil materials, with relatively good results. Continued use of the water 
could result in build-up of salts and eventually decrease productivity. In 
the climate of southwestern Illinois, where rainfall exceeds evaporation, 
this would take many years, however, and the water can be used provided the 
crops involved have relatively high sodium tolerance. 

3.2 GROUNDWATER 

The mine is unlikely to have a direct effect on aquifers because there 
are no important ones in the area, and the sandstone of the lower Pennsyl
vanian and upper Mississippian sections are separated from the mining activ
ity by several hundred feet of sedimentary rock. 

The one important effect the mine will have is to act as a groundwater 
reservoir itself and thereby improve the base flow of the creek. The spoil 
material is loose and has a high porosity and permeability. Water can infil
trate into the spoil fairly easily, and the mined area thereby acts like an 
enormous sponge, soaking up rainfall to release it slowly later on. This has 
the effect of dumping the extremes of flow of the associated streams by de
creasing the peak discharge after precipitation and increasing base flow in 
dry weather. 

It should be pointed out that this relatively beneficial aspect of 
surface mining may not exist in the future. Mining laws require grading, and 
topsoil replacement of the mined area requires that heavy machinery be moved 
across the surface of the spoil. This movement results in compaction of the 
near-surface materials, greatly reducing the infiltration properties. 
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APPENDIXES 

*The t a b l e s and graphs in Appendixes E and F a re reproduced as rece ived by 
Argonne from the au thor , with no enhancement of the camera-ready copy. 
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Appendix A 

Analytical Procedure for Overburden 

nock ( 
in solution 

Digestion. The digestion procedure used was that of Shapiro and Bran-
1952), modified slightly to provide higher concentrations of material 

a. In a Teflon crucible, weigh approximately 0.50 g of sample to the 
nearest 0.1 mg. 

b. Under a fume hood, add 10 mL of acid mixture and swirl to wet the 
sample. 

c. Place the crucible on a hotplate and heat until SO2 fumes begin to 
evolve. 

d. Remove from heat, add 20 mL of distilled deionized water, and re
heat, swirling occasionally until material dissolves. 

e. 
Transfer to 100-mL volumetric flask and dilute to volume with dis
tilled deionized water. 

f. Transfer to clean polyethylene bottle for storage. 

Reagent. Acid mixture: 200 mL HF (48%), 66 mL H2SO4 (concentrated), 
and 16 mL HNO3 (concentrated). Under a fume hood, transfer the HF to a 1-L 
polyethylene bottle. Add the H2SO4 and allow to cool. Add the HNO3 and mix. 

Analysis. Analyses were made by standard atomic absorption techniques 
except for mercury, which was done by a flameless atomic absorption technique. 

Working curves, except for mercury, were made at 1, 2, 5, and 10 mg/L 
with acid-spiked standard solutions. Unknowns were compared directly with 
the curves. Dilutions, where necessary, were made with distilled deionized 
water. For samples with values of less than 1 ppm, the signal was amplified 
until the 1-ppm standard registered 1000 on the instrument readout; the sam
ple was then reanalyzed. 

Mercury was analyzed with a 25-mL portion of the dissolved sample so
lution, run as if it were a water sample Standard solutions in this case 
did not exceed 20 ppb, and samples were reanalyzed using smaller amounts of 
sample if the value exceeded this amount. 

Estimated detection limits (ppm) 

Fe 
Mn 
Zn 
Cd 
Co 

1 
1 
1 
0.2 
1 

Cr 
Cu 
Pb 
Ni 
Hg 

1 
1 
1 
1 
0.005 
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Appendix B 

Coal Analyses 

A 1-g sample of coal was weighed to the nearest 0.1 mg in a porcelain 
crucible and covered with a loose-fitting Ud. ^^^ .=°-"^ " " " ' / " j , " ^ ! 
placed in a furnace and heated slowly to 600»C to oxidize the "^^"^^ f ^^ 
tion of the coal. The crucibles were allowed to cool, after which the ash 
was transferred to a Teflon beaker. From this point on, the sample was 
treated like overburden material. 
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Appendix C 

Water Collection and Handling 

Bottles. One 1000-mL bottle and one 500-mL bottle were used for each 
station. The bottles were rinsed and acid soaked to remove any adsorbed ions 
or precipitates. Subsequently, they were washed with Alcanox and rinsed with 
tap water, then distilled water and finally distilled deionized water. After 
air drying, they were capped until ready for field use. 

Collection. Samples were collected as close to the midpoint of flow 
and mid-depth as practical. Two samples were taken at each site, one un
treated and one acidified. The untreated sample was filled as full as pos
sible and then tightly capped. The acidified sample was not completely 
filled, to prevent loss of the acid. Care was taken not to disturb the bot
tom sediment at the point of sample collection. 

Preservation. The only preservation used was 2 mL of concentrated 

HNO3 in the 500 mL bottle to preserve metals. 

Handling. The collection and analysis scheme was designed so that 
water samples were returned to the lab and analysis of critical parameters 
(pH, acidity, alkalinity, etc.) begun within four hours of collection (and 
often less). 

r 

Flow measurements. A cross section of each sample location was con
structed at the time the first set of flow measurements were taken. In 
streams, flows were measured at mid-depth and mid-stream with a current meter 
which measured velocity in feet per second. Water depths were measured at 
mid-stream and used, in connection with the measured profile, to determine 
stream cross-section area. 
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Appendix D 

Analytical Procedures for Water 

All analyses except those for ammonia and mercury were done according 
to Standard Methods (1971). 

Filtration. Filtration was done in the laboratory with Reeves-Angel 
glass-fiber filter paper. Filtration was generally completed within two to 
five hours after collection of the sample and after alkalinity and acidity 
titrations were completed for the sample. 

Ammonia. Analysis was done with an Orion ammonia-sensitive electrode. 
Standards were prepared at 0.01, 0.1, 1, and 10 mg/L NH3 (U.S. Environmental 
Protection Agency, 1979). 

Fluoride. Analysis was done with an Orion solid-state, fluoride-
sensitive electrode. Hach total ionic strength buffer was added to the sam
ple and standards to adjust pH, complex interfacing ions, and ionic strength. 

Total Dissolved Solids. Analysis was done by evaporation of known 
volume (100 mL) of solution and drying of residue at 105°C. 

Total Suspended Solids. Analysis was done by vacuum filtration of 250 
mL of sample through Reeves-Angel glass fiber filter paper, followed by dry
ing of the residue at 105°C and weighing. 

Alkalinity. Analysis was done by potentiometric titration, as soon as 
possible after opening the sample bottle. 

Acidity. Analysis was done by potentiometric titration, as soon as 
possible after alkalinity analysis. The bottle was opened, the sample ex
tracted and run for alkalinity; then the bottle was reopened and analyzed for 
acidity. Standard titrant was protected from atmospheric CO2 by an Ascarite 
scrubber tube. Titration end point was 8.3. 

Total Iron. Analysis was done by atomic absorption (AA) spectrohotom-
etry on the acidified sample. Analyses were done in triplicate, and the 
average value was used. Dilutions, when necessary, were with distilled de
ionized water. 

Ca Mn, Al. Cu, and Zn. These metals were determined by standard AA 
spectrophotometry on a Perkin-Elmer Model 107 AA spectrophotometer. Dilu
tions, when necessary, were with distilled deionized water. 
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Sodium and Strontium. These elements were determined with a Perkin-
Elmer AA spectrophotometer operating in the flame-emission mode. 

Cd Co, Cr, Ni, and Pb. These elements were pre-concentrated before 
analysi^ by chelation with ammonium pyrrolidine dithiocarbamate and extrac
tion into methyl isobutyl ketone. Standard solutions were similarly treated. 
A Perkin-Elmer Model 107 AA spectrophotometer was adjusted to provide for an 
organic solvent, and the metals were determined by AA spectrophotometry. 

Mercury. This element was determined by flameless AA cold vapor tech
nique with the Perkin-Elmer Mercury Analysis System. Analysis was similar in 
design to that described in U.S. Environmental Protection Agency (1979). 
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Appendix E 

Water Qua l i ty Data 

Mine Name (and/or code) 
Date klliUlb 

Values in mg/Z (except cond., pH. now. and ten,).) 

H 101 H 102 H 103 « in4 «S^.^^y^'^-^ " 1 " ^ , " T"« 
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A.HGOiVXE NATIO.'UL LAI!OR.ATDRY - ECT V.'ator Data 

Mine Name (and/or code) Eats 5 / 1 2 / 7 5 

Values in ng/1 (e.xcept cond. , p!I. flow, and temp.) 

How, c f s 

Cond. 

Gilorid; 

Fluoridrt 

Su!tate 

TD Soli is 

" Zn 

- Sr 

CJ 

Cr 

" Hi 

n MI.1—p 

1 

• 7 • ' 0 — 

16 

3434 

0 1 1 

10 

0 .14 

4400 

373 
1 ^ - > ^ 

_ ! 

^"^7^— 

z a j . g 

0 52 

_ Q - . 2 _ 

n 0 7 

2.44 

7 . 4 3 

3253 

0 . 0 1 

11 

n . 0 9 

7.455 

3850 

30 

269 

90 

O.OC 

0 . 0 3 

0 3 

n 04 

o.ns 
2 .10 

1 
1 

H 103 H 104 

1 

1 !i 1 ' ' •0 
7 .50 1 7 .5 ,0 

7 . 5 5 

16 

3213 

0 . 0 1 

11 

0 . 0 7 

2303 

3701 

16 

263 

7 . 5 1 

17 

2699 

0 . 0 1 

11 

0 .09 

1762 

2851 

21 

227 

83 1 60 

n on 

227 

9 2 . 4 

0 .09 

n riL 

0 . 0 1 

1.S6 

0 . 1 1 

192 

»s^i^^Vi?^ 

4 . 3 

7 .40 

7 .62 

15 

701 

0 . 0 1 

11 

0.1R 

261 

526 

9 

112 

14 

0 . 0 3 

i f i .n 

. 
102 

0 . 1 3 

0 . 1 • 

0 . 0 4 

0 . 0 1 

1.56 . 

42 .9 

...0.04 

0 . 1 

_n.Q2 . 

0 .00 

0 . 1 1 

7 . 3 

7 .30 . 

7 .28 

y\ 107 

7 . 1 0 

7 .26 

15 1 1 5 

1 
1581 

0 . 0 1 

12 

0 .04 

735 

1278 

20 

163 

25 

0 . 4 6 

3626 

3 .62 

13 

0 . 1 2 

2332 

3450 

5 8 . 4 6 6 

352 

55 

0 .09 

7 3 . 3 1 376 

1 
132 133 

1 
0.20 

. 0 . 2 

0 .02 

0 . 0 0 

0 . 5 3 

9 . 0 5 

.. .0.2 

0 . 0 4 

0 . 0 4 

1 .13 

H 108 

1 1 
5.^ ! 1 
5.00 
4 . 6 5 

12 

.•?ooi 
2 . 5 5 

0 . 1 8 

2211 

2925 

31 

0 
55 

0 .24 

246 

132 

. 2 0 . 4 0 

0 .6 

0 . 0 4 

0 . 3 4 

0 . 9 1 

-

1 

1 

1 

! 

1 

1 

1 

! 

1 

! 

1 
1 
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;VHCaNN-E ^t\TIC:iAL L\£OIUI0Rr - ECr wa te r Data 

TtatP 5 / 2 4 / 7 5 
Mine Name (and/or code) 

Values in mg/1 (e.xcept cond. . pM. ^ o w . a.-,d t e . ^ - ) 

H 101 H 102 „1.. n.n. ^ M y \ ? ^ _ ^ a i - . J - 1 0 8 
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A.HGO.N-NE NATIOrWL LMMPATCRY - ECT Water Data 

Mine Name (and/or code) Date (>nn(j 

Values in mg/1 (except cond., pM, flow, and tenp.) 

H 101 "H 10? H 10'̂  " 1°4 
^.-yS.^ing^i,t^^ H 107 H loa 
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A.-»G0>̂ ;E N>\TIÔ iAL L\£ORAT0M - ECT Water Data 

Mine Name (and/or code) 
Date 6/22/76 

values in ng/1 (e.-cccpt ccnd.. pH. now. and t e ^ . ) 
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fSOXtSi NATiaNAL UVEORATORY - ECT Water Data 

Mine Name (and/or code) 
_Date 7/6/76 

Values in ng/1 (except cond.. pH, How, and temp.)-
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KRGX^-^E miOMAL UIOIUTORY - ECT Water Data 

Tv.te 7/20/76 
Mine Name (and/or code) . . 

Values in ng/?. (except cond.. PU flow, = '̂1 «mp.) 

H 101 H 102 u n n , H 104 W^"-^^'^'^ " ^ " 7 P ^ ^ 
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A.RGONXE M-\TIOMAL bUOIUTGRY - ECT Water Data 

nine Name (and/or code) 
Date a/3/76 

Values in mg/1 (e.xcept cond., p!I. flow, and temp.) 

H i m H 102 ^_^03^104__|!gP°ff'^'^^ , H 107 « 1°«-
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ARCa^E MTIOIiAL L'JMWTORY - ECT Water Data 

nine Name (and/or code) 
Date 8/17/76 

Values Ll ns/1 (e.xcrpt cond., pH. flow, and temp.) 
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AHCOVS NATiâ JAL L>JX;iUTCaY - ECT Water Data 

nine Name (and/or code) 
p , , . ' 3/30/76 

Values in mg/1 (except cond.. pM. flow, and ten>p.) 
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^ane Name (and/or code) 

WICON-N'S miOMAL L-VKRATORY - ECT Water Data 

. Date 9/14/76 

Values in mg/1 (except cond., pH. flow, - d te.^-) 

H 101 " H 102 H 103 H104 . l i f a ^ i ! i i l l ^"^-rhl^ » 107 moa-^ 
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A.n.CaN:-;E ^ : a : ^ L•aM.̂ \TQRY - ECT water Data 

Dite 9 / 2 8 / 7 6 

Mi,,e Name (and/or code) ^ 
m , / i (e..cept co..d.. p:i. flow, and t e . ^ . ) 

Values m 
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mGX,-K?. WTIO:^ L-XCRATORY - ECT Water Data 

Mine Na-me (and/or code) 
Date 10/12/76 

values in mg/Z (except cond.. pM. flow, and temp.) 
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Mine Ki-,.e (and/or code) _ 

Values in ml 

tWS^i :i\TIO:iAL U^RATORY - ECT Water Data 

Date _ 1 0 / 2 5 / 7 6 

1 (e .xc=?tcond. . pH. flow, and temp.) 
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ARGONNE f̂ATIOMAL UVEORATORY - ECT Water Data 

Mine Kama (and/or code) 
Date 1 1 / 8 / 7 5 

Values in mg/1 (except cond. , pH, flow, and temp.) 

.H 101 H 102 H 103 H 104 i^=Yg^^sl\?r 

- 1 . ^ . 
7.30 
7 . 3 1 

J2_ 

2960 

0.05 

1 3 . 3 

0 . 7 1 

2503 

4291 

41 

11-6 

7.70 

7.83 

9.9 

7.40 

12 

2635 

-Q.Q4 
1 5 . 3 

0 .62 

2309 

348 

75 

0.62 

88.8 

118 

. . 1 . 5 4 -

-0.20-
0 . 0 1 

0 . 0 1 

3 . 0 1 . 

37 4.6_ 

'30 

256 

30 

0 .09 

82.5 

109 

0-05 

0 .20 

0 .00 

,. Q.Q2-
2.53 

7.57 

11 

2845 

0.03 

25.3 

0 .54 

;o-? 
l.iO 
7.78 

i i _ 

8.2 

7 .50 

7 .49 

10 

7^nq 

0.03 

2 6 . 0 

0.48 

2532 

4016 

24 

1981 

3158 

472 

1 1 . 1 

0 .39 

1 5 8 

16 

307 

66 

0.02 

-87.5, 

129. 

0 . 1 3 

0 . 0 1 

0 . 0 3 

_2,5Q.. 

271 

38 

0 .09 

67.2-

129 

0 .45 

0-22 

0 .00 

0 .02 

2 . 0 1 

319 

52 

125 

JJ 
0 . 9 1 

.23.8 

17 .0 

0.27 

_;.4i.. 
0 . 0 1 

0 . 0 1 

0 . 2 1 

9 . 3 

7.$Q 

7 .69 

11 

1459 

3 0 . 6 

0 .26 

885 

•14.30 . 

14 

-182-

0 . 1 1 

55.2 

J22. 

0 . 8 6 

-1,23-

0 . 0 1 

0 .00 

1- ib 

S 107 

9 . 5 

7.00 

7.3$ 
10 

2320 

0 9? n.q-; I 1.7« 

1 2 . 0 

0 .96 

2327 

a, 108-

9 . 4 

6 . 9 0 

7.24 

11 

2341 

2.22 

1 4 . 8 

3492 

298 

1.13 

2248 

3349 

22 

217 

.15 
0 .07 

89 .6 

121. 

15:73 

o n 
0.02 

0.09 

2 .35 

16 

0 .79 

7 5 . 4 

116 

• 1 6 . 6 6 

9 .09 

0 . 0 1 

0 .17 

_ 1 , 7 5 
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^IGWE NATIONAL L-JDRATQRY - ECT Water Data 

Mine Kame (and/or code) Date 11/22/76 

Values in mg/1 (except cond., pi-!, flow, and temp.) 

Paraneter 
Flew, c f s 

C i s j . Ol 

pH ( f i e l d ) 

fH Cliii) 

Tc-TO. CH.O) 

1 5 0 9 . CairJ 

Cond. 

ATmnia-N 

O u o r i d i 

Fli:oridi± 

S u l f a t e 

Tt) S o l i d s 

TS S o l i d s 

A l k a l i j u t / 

A c i d i t y 

Tota l Fe 

D i s s . Fe 

" d 

•• y.z 

Ki 

" K 

" >h 

" Al 

" Ol" 

i > 

S r 

Cd 

" 0 . 

" Cr 

" V 

" f b 

Ni 

" Pb 

•• Hg 

H 101 

10.8 

7.00 

7.31 

9 

3351 

0.02 

15 2 

0.74 

2675 
4271 

38 

329 

48 

0.53 

80.1 

116 

2.00 

0.48 

0.02 

0.02 
3.11 

H 102 

13.8 
7.20 

7.70 

6 

2881 

0.01 

14.4 

0.66 

2418 

3787 

26 

255 

49 

0.03 

77.0 

112 

0.09 

0.19 

0.01 

0.02 

2.87 

H 103 

13.8 
7.30 

7.65 

8 

3167 

0.01 

25.3 

0.59 

2551 

4045 

30 

326 

40 

0.03 

81.0 

129 

0-10 

3.39 

0.02 

0.02 
2.75 

H 104 

13.0 

7.30 

7.78 

8 

2881 

0.01 

27.9 

0.62 

2305 

3434 

26 

308 

33 

0.10 

78.6 

133 

0.57 

0.10 • 
0.01 

0.01 
2.48 

^ ' ' ^ " ^ K ' S i 

DRY 

12.6 

7 . 3 

7.48 

6 

1870 

0.01 

38.6 

0.47 

1177 

2072 

16 

233 

7.6 

0.21 

76.1 

173 

2.90 
0.43 

0.00 

0.01 
1.45' 

H 107 

7.10 

7.31 

9 

2728 

4.02 

18.6 

0.35 
2373 

3396 

33,637 

1033 
49 

0.09 

81.7 

2 1 f t 

T 5 . R ? 

1.62 

0.02 

0.14 
3.80 

H ma 

U . O 

7.10 
6.70 

7 

J2707 
2.76 

13.5 

0.88 

2313 

3481 

28 

23 • 
11 

1.77 

81.7 

.137 

.18.96 
0.67 
0.02 

,0,22 
2.08 

1 
1 
1 
1 
i 
1 
1 

• 

I 

1 

! 
1 

1 
1 

I 

1 
1 
1 
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ARCaN-NE m m U L LUORATORY - ECT water Data 

nine Kame (and/or code) 
Date 17/6/76 

-H 1 0 1 . H 102 

Parameter 

Values inm,g/l (except cond.. pH. flow, and tempQ^ 

11 107 " 1 " " -
,.H 103 -H 1 0 ^ Jl •i^3£iiE. 
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/vHCaNT.'E N,\TrOrUL ydJORATORY - ECT Water Data 

Mine Name (anJ/or code) Date 12/20/76 

Values in ng/i (except cond.. p!l, flow, and te.mp-.) 

« i m • H 107 H 103 H 104 

e.-.d. 

ATTCPJa-.N 

Flujridrf 

Sulfate 

TD Solids 

TS Solidi 

Aridity 

' 1 
i n 7 1 •? 7 1 1 1 - 6 

7 22 

- 3 / i / i O — 

0 .05 

0 . 4 1 

1065 

4083 

23 

322 

52 

1 tl. /i 

•h 

" Al 

.» Cu 

" Zn 

Cd 

" CJ 

Cr 

" V 

" Ha 

Hi 

•• Pb 

" 11; 

1 0 6 

-J,.92 
0 .05 

0 .02 

0 .00 

7 20 1 7 .10 

7 .90 | 7 . 7 2 

4 5 

;?iq2 12881 

0.02 1 

0.54 1 

2464 

3858 

7 

366 

24 

0 . 1 ^ 
0 . 0 7 

0 .02 

^ i ? ? 

0 . 0 1 

25 .4 

0 . 4 8 

1 3 8 8 

2862 

JA 
.263 . 

30 

0 . 1 5 

4 4 . 2 

104 

0 .74 

0^03 

0 .02 

0 .02 

2 71 

10 .7 

7.10 

7 .73 

5 

JMU 
0 . 0 1 

26 .5 

0 .38 

1630-

3270 
11 

261 

33 

0 .12 

4 2 . 7 

106 

0 . 7 9 

0 .05 • 

0 .02 

0 .00 

2 .65 

1 
1 
1 

»^fl^^"^^iW 

11.2 

7.40 

7 .63 

4 

805 

LO) 

1 0 . 5 

0 .22 

391 

687 

3 

12 
0 . 3 4 

2 3 . 1 

5 2 . 6 

0 . 09 

1.66 

0 .02 

0 , 0 1 

0 .60 . 

I 

10.6 

1.30 
7 .59 

H 107 H i n s 

1 

7-00 

7 . 3 1 

|5 

1453 .. 

39 .97 

0 .19 

628 

1191 

25 

,172 

23 

ti).30 

2 9 . 1 

1 1 5 

1.98 

0 . 0 1 

0 . 0 1 

-L.. 25 . 

97fii 

17 .9 

0 .26 

2262 

22 .065 

13 

18 
1.35 

4 5 . 6 

119 

1 7 . 3 2 

0 . 0 2 

0 . 0 4 

2 . 9 5 

12.4 
6.90 

6 . 6 0 

5 

?fi9fi 
2 . 3 8 

1 1 . 6 1 

0 .47 

2144 

3273 

17 
1 1 2 . 

ZU 
1.23 

4 4 . 5 . 

I l l 

18 .80 

0 05 

0 .02 

9 .22 

2 .22 

-

1 

1 
J 
1 
1 

J 
j 

I 
1 

] 

i 

1 
1 
i 
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Mine Name (and/or code) 

f&aX-Vt. NATIONAL UMORATORY - ECT Water Data 

Date 1/10/77 

Values in mg/i (except cond.. pH. tlow. and temp.) 
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mccKK ::-vrio:i,\L IAIOIUTOIIY - LCT water Data 

Hine-Kan;e (and/or code) Date 
2 / 1 4 / 7 7 

V.ilucs in K.yjt (except cond., p;i, £la\;. and tcL^i.) 

,. 

— 

Parar . e t? : 

ncr.-. cf.<; 

Dios. 0, 

lit (field) 

ri> (lab) 

T;ro.-CH:0) 

T:.-.>. (air) 

C;r.'. 

Arxria-N 

Qi'.iirid.-

F l i s r i i s 

Sulfate 

TD Salids 

TS Sc/lidi 

AlhalLi i t / 

Ailidity 

Total Fe 

Diss. Fe 

" Ca 

" !̂r 

" Ki 

" K 

" >h 

" Al 

" Cu' 

" Zn 

" Sr 

'• Cd 

Co 

" Cr 

" V 

- »h 

Ni 

rb 

- II,; 

1 0 1 • 

1 . 6 2 

1 0 . 0 

7 . 7 

7 . 1 5 

8 

2 0 2 0 

0 . 0 3 

1 4 . 38 

0 . 3 2 

2 0 1 6 

4 1 

3 5 7 

1 3 7 

0 . 4 6 

4 5 . 2 

4 4 . 5 

2 . 9 0 

1 . 0 8 

0 . 0 0 

0 . 0 1 

2 . 6 6 

1 0 2 

1 .81 1 

1 2 . 0 

8 . 0 

7 . 6 4 

4 

1 3 0 5 

0 . 0 2 

1 3 . 0 9 

0 . 2 5 

1 5 4 3 

1 5 8 3 

25 

2 0 1 

4 1 

0 . 0 2 

3 5 . 0 

4 9 . 7 

1 . 1 2 

0 . 4 0 

0 . 0 0 

0 . 20 

1 . 7 6 

1 0 3 

2 . 5 1 

1 2 . 4 

7 . 9 

7 . 5 8 

4 

1 6 5 7 

0 . 0 1 

1 2 . 2 8 

0 . 29 

1 6 4 7 

3 1 

2 2 4 

5 1 

0 . 0 5 

3 9 . 2 

4 9 . 6 

0 . 9 9 

0 . 25 

0 . 02 

0 . 0 1 

2 . 1 4 

1 0 4 

1 6 . 0 3 

1 1 . 6 

8 . 0 

7 . 6 2 

3 

1 2 4 0 

0 . 0 0 

1 7 . 19 

0 . 20 

1 1 5 1 

1 8 9 6 

26 

2 0 7 

3 1 

0 . 3 9 

2 6 . 9 

1 2 1 . 0 

0 . 9 1 

0 . 93 • 

0 . 0 0 

0 . 0 0 

1 . 5 1 

S £ i ^ l i n 

2 . 7 3 

1 1 . 3 

7 . 9 

7 . 5 2 

2 

4 2 2 . 6 

0 . 0 1 

1 3 . 1 2 

0 . 0 9 

247 

5 0 0 

28 

55q 

19 

0 . 9 2 

1 0 . 8 

4 3 . 0 

0 . 2 1 

1 . 4 2 

0 . 0 0 

0 . 0 1 

0 . 2 6 

s f ft'^^ 1 0 7 

8 . 5 1 ) 

1 2 . 5 j 

7 . 7 

7 . 6 2 

3 

1 1 3 8 

0 . 0 1 

1 5 . 7 9 

0 . 0 2 

8 7 3 

1 7 1 1 

33 

2 2 0 

36 

0 . 4 0 

2 4 . 0 

1 2 4 . 0 

0 . 9 6 

0 . 9 9 

0 . 0 3 

0 . 0 1 

1 . 6 3 

108 

9 . 8 

8 . 0 

| 7 . 2 9 

1 3 

1 
I l079 

• 

• 

0 . 6 6 

1 1 . 2 1 

0 . 3 4 

1 5 6 4 

19 

22 . 

35 

0 . 9 1 

3 6 . 1 

5 7 . 7 

1 i 
1 1 

i 
I 

1 

1 
1 
1 
1 
1 1 
1 
1 

• 1. 

1 1 . 7 1 1 

0 .99 1 

0 . 0 1 1 

0 . 1 9 

1 . 6 9 

• 

' 

• 
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;>!(rn\->:i; ;;,Viio:L\L iAraiuTOi;r - CCT w.itcr Data 

Mine-t̂ 'ame (and/or coJo) Date 2 / 2 8 / 7 7 

Values in mc/i (except cond.. pM, .Bow, and tc^i .) 

1 0 1 • 1 0 2 1 0 3 

Tr=i. (air) 

Chloridi 1 

Plus rid* I 

Sulfate 

TO Solids 

TS Silidi 

AlhUL-ut/ 

Total Fe 

&iss. Fe 

•• y.z 

" Ki 

1 0 4 \m^^' 

1.74 1 2 . 1 0 i 5 .34 1 1 7 . 4 5 J 1.16 

1 % 6 " 

6 . 55 

1 0 . 5 1 1 3 . 6 1 1 1 . 2 1 1 1 . 4 i l O . 8 1 2 . 2 

7 . 6 2 

14 

4 1 4 5 

0 . 0 5 

1 7 . 0 2 

I I I L 
7 .97 1 7 . 8 1 j 7 . 9 0 | 7 . 8 0 7 

11 1 9 .5 

1 
3400 13592 
0 . 0 4 t 0 . 0 3 

1 6 . 5 2 1 1 8 . 3 6 

0 .64 1 0 . 5 2 1 

2599 1 2227 

4140 1 3468 1 

~ 2 8 1 19 [ 

222 1 282 1 

98 1 57 t 

0 . 6 3 \ 

1 1 2 

1 0 0 

n . , 1 n 4A 

» Zn 

Sr 

" Cd 

Co 

" Cr 

>b 

H I I . 

0 . 0 1 

0 . 0 2 

2 . 35 

0 . 0 2 5 

0 . 1 8 

0 . 0 4 

0 . 16 

0 . 02 

0 . 0 0 0 0 

0 . 1 5 

9 9 . 7 

9 7 . 3 

0 . 62 

• 0 . 1 7 

0 . 0 1 

0 . 0 1 

1 . 9 4 

0 . 0 1 9 

0 . 2 1 

0 . 0 2 

0 . 0 9 

0 . 0 4 

0 . 0 0 0 0 

0 . 5 5 

2205 1 

3552 1 

2 

222 1 

55 1 

0 . 26 

1 0 3 

1 0 8 

0 . 79 

0 . 3 2 

0 . 0 3 

0 . 0 3 

1 . 9 8 

0 . 0 2 5 

0 . 1 9 

0 . 0 5 

0 . 0 8 

0 . 0 4 

11 1 10 

1 
3479 1 

0 . 0 3 

1 7 . 3 7 

0 . 4 2 

1 4 4 3 

2 3 8 8 

12 

2 9 3 

4 1 

0 . 1 1 1 
• 

8 6 . 5 

7 0 0 

0 . 0 9 

1 5 . 4 1 

; • , = 1 
0 . 1 5 1 

3 6 2 1 

544 1 

4 

9 3 . 1 

12 

3 5 . 3 

0 . 7 7 1 0 . 1 8 

0 . 2 4 -j 0 . 3 9 

. 9 2 . 1 

10 1 

1987 1 

0 . 1 0 1 

1 9 . 2 0 1 

1 9 4 7 

1 

2 3 6 

3 1 

§ 8 . 7 

0 . 8 2 

0 . 4 8 

0 . 0 1 10 .00 1 0 . 0 0 

1 0 . 0 1 

1 . 5 2 

0 . 0 2 7 

0 . 14 

0 . 0 3 

0 . 0 6 

0 . 0 5 

j o . 0 1 
j o . 2 8 

0. 022 
o . - i i 

0 . 0 1 

0 . 0 7 

0 . 0 6 

0 . 0 0 0 0 | 0 . 0 0 0 0 | 0 . 0 0 0 ( . 

0 . 0 0 

1 1.48 

0 . 0 2 

0 . 0 3 

0 . 1 3 ' 

0 . 0 3 

0 . 0 0 0 0 

107 

DRY 

_ • ' 

108 

1 1 ' .4 1 1 1 

1 1 
| 7 . 2 9 1 

1 10 1 

1 1 
13457 

| l . 6 3 

I l6. '39 

1 
t 

• 1 

1 

Z 2 0 0 

3 2 3 3 

6 

46 . 1 

53 1 

1.10 

110 

1 0 5 

T '— 

1 8 . 6 1 

1 
1 
1 
i 

1 

1 
I 
I 

1 

1 
1 

1 

0 .00 1 1 ' 

0 . 0 2 

0 . 2 9 

1 . 7 4 

0 . 25 

0 . 0 3 

0 . 5 7 

0 . 0 2 

0 . 0 0 0 0 

1 
1 • 
1 

I 

i 

• 
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/•iiowr-n -i-vric-iu. WIOIUTOUY LCT Water Data 

!Uiie-iS'an;e (and/or code) 
Date 

3 / 1 6 / 7 7 

Values in r.yjt (except rond., pM, flo-./, and tc.'.ip.) 

— 

..-

Para.T.e:c: 

n^-^, cis 

Dils. 0, 

pJI (field) 

fH (Ub) 

Te:^. P :0) 

Tt-... (air) 

fcr.J. 

AT:xnia-N 

Qilorid.-

F l u j r i i : 

Sulfate 

TD Solids 

TS Solids 

All-i iLiit / 

Acidity 

Total Fe 

.Diss. Fe 

" Ca 

•• y-^ 

" N-i 

" r 

" >ii 

" Al 

" Cu" 

" Zn 

S r 

Cd 

" Co 

" Cr 

" V 

" >b 

" III 

'• rb 

" ",: 

1 0 1 

1 . 0 3 

1 0 . 0 

8 . 10 

7 . 3 0 

15 

2 6 7 1 

0 . 05 

1 7 . 69 

0 . 67 

2 4 6 4 

3 8 9 7 

49 

377 

1 4 5 

0 . 5 5 

1 1 2 

7 0.-4 

2 . 25 

0 . 5 1 

0 . 0 1 

0 . 02 

2 . 3 7 

• 1 0 2 

_ 

2 . 4 0 

1 1 . 0 

7 . 7 0 

7 . 8 1 

14 

1 8 9 5 

0 . 03 

1 6 . 35 

0 . 6 4 

3 9 7 

2 4 3 9 

35 

2 2 0 

55 

0 . 0 3 

1 0 0 

6 7 . 5 

0 . 57 

0 . 1 6 

0 . 00 

0 . 0 1 

2 . 0 2 

1 0 3 

1 . 7 0 

9 . 6 

8 . 10 

7 . 7 8 

16 

2 2 1 9 

0 . 0 2 

2 0 . 5 9 

0 . 5 3 

1 9 4 0 

2 9 4 1 

40 

2 4 3 

38 

0 . 04 

1 0 3 

7 5 . 0 

0 . 5 8 

0 . 37 

0 . 0 0 

0 . 03 

1 . 77 

1 0 4 

1 9 . 4 5 

1 0 . 8 

7 . 90 

7 . 7 9 

15 

1 5 6 5 

0 . 0 2 

1 5 . 2 6 

0 . 4 2 

1 0 0 9 

1 6 1 0 

32 

2 2 2 

33 

0 . 3 4 

8 7 . 0 

2 0 3 

0 . 8 0 

0 . 2 4 -

0 . 0 0 

0 . 0 1 

1 . 4 1 

f-lj^lir 

1 . 35 

9 . 8 

8 . 00 

7 . 5 1 

1 3 

7 1 2 

0 . 06 

1 6 . 8 4 

0 . 1 5 

3 8 4 q 

4 8 6 

14 

1 0 3 

22 

0 . 0 6 

3 5 . 9 

4 7 . 9 

0 . 1 2 

0 . 9 5 

0 . 00 

0 . 0 2 

0 . 28 

2 WB' 107 

11.26 1 

10.6 1 

7.80 1 

7 . 7 1 q 

15 

1 7.30 

1 15 

1 
1 3 9 3 

0 . 0 6 

1 3 . 76 

0 . 28 

7 5 8 

1 2 0 2 

28 

1 5 3 

24 

0 . 0 7 

8 8 . 9 

2 0 5 

0 . 8 7 • 

0 . 5 8 

0 . 0 1 

0 . 0 1 

1 . 4 4 

2 0 5 0 

2 1 4 2 

1 4 . 1 1 

0 . 0 6 

2 0 9 4 

3 3 7 1 

2 0 , 8 3 9 

86 

2 1 

0 . 0 3 

3 1 . 7 

62 

' l 4 . - l l 

0 . 6 1 

0 . 00 

0 . 0 3 

1 . 55 

1 OR 

9 . 3 

8 . 0 0 

7 . 3 8 

14 

2 2 1 3 

2 . 4 2 

1 7 . 4 2 

0 . 6 6 

1 9 5 2 

2 5 3 0 

3 1 

4 1 . 

24 

0 . 4 2 

1 1 2 

7 2 . 9 

1 5 . 7 7 

0 . 0 3 

0 . 0 1 

0 . 3 0 

1 . 5 9 

i 

1 
1 

1 

1 1 
1 ! 
1 
1 • 
1 

-

, i 

1 
1̂  

I 

' ' 
j 
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Hiiie-Nai..e (and/or code) 

/V!',CAS7:K -I-VIIC.'LU. lAIOioUQKY - LCT Water Data 

• i^te 3 / 3 1 / 7 7 

V.-ilucs in r.i'yi (e.xccpt cond., pM, Elw. and tcf,-:p.) 

1 0 1 
. . . -

1 0 2 1 0 3 

no-., c f s | 3 . 5 5 1 1 0 - 2 7 I l 7 . 7 3 j 

Diss. 0, 1 1 0 . 8 1 1 0 . 6 1 9 . 8 1 

fll (f ie'd) I 7 . O | 7 . 3 | 7 . 3 1 

FH(Ub) 1 7 . 5 1 1 7 .83 I 7 . 7 2 1 

T:r3. fH.O)| 19 1 18 1 17 1 

Tt=i. (.xip 1 1 1 

C=r.i. 

A^rrria-N j 

Oiloridi 1 

3 1 0 7 1 1 3 4 4 | l 8 9 4 j 

0 . 0 6 

1 7 . 4 2 

n . 64 

Suif't- 1 19 64 

TO Solids 1 

AliulL-uty 

28 

380 

1 0 6 

" a 1 123 

" V 

" It-

1 3 . 2 

1 . 3 5 

0 . 4 4 

0 . 02 

0 . 02 

2 . 4 4 

0 . 0 5 IO.O3 1 

1 6 . 7 9 I2O.54 1 

0 . 5 6 j o . 4 8 

958 

1613 1 

6 6 1 

1 7 9 5 

15 1 12 

197 | l 5 6 

16 1 23 

0 . 3 1 

1 0 3 

1 3 . 2 

0 . 4 8 

0 . 1 7 

0 . 1 3 

1 1 2 

1 4 . 7 

0 . 4 4 

0 . 3 4 

0 . 0 2 1 0 . 0 2 

0 . 0 1 

2 . 0 1 

• 

0 . 0 1 

1 . 3 1 

104 ^-^-jiXiSxZ 5tf§ = 107 

1 5.81 1 1 
9 .6 1 9 .8 1 9 .8 1 
7 .2 1 7.4 | 7 . 2 1 7 .8 

7 . 6 5 1 7 .70 j 7 .50 | 6 .74 

18 1 18 1 17 1 13 

1 1 1 
1300 1 582 I1212 13132 

0 . 0 3 j 0 .08 10 .10 1 2 . 1 2 

1 6 . 5 2 1 16 .93 i 13 .27 I 1 4 . 6 9 
0 .39 1 0 .14 10 .25 1 0 . 0 6 

537 1 299 1 477 I 2299 

1 0 9 5 

22 

1 1 2 

25 

0 . 9 6 

4 4 1 j 9 1 5 1 3 5 1 4 i 

18 18 

93 | l 2 3 

21 

1 . 0 2 

• 1 

9 4 . 4 

1 8 . 6 

0 . 56 

0 . 1 7 • 

0 . 0 1 

0 . 0 0 

1 . 4 6 

3 5 . 5 

9 . 9 6 

0 . 0 8 

0 . 7 7 

20 

1 . 38 

3 ^ . 6 

19 

24 • 

65 

1 1 4 

3 . 2 5 

3 0 . 2 

1 2 . 3 

0 . 7 1 1 1 0 . - 4 5 

0 . 4 7 1 0 . 5 7 

O.OI 1 0 . 0 3 1 0 . 0 2 

0 . 0 1 1 0 . 0 1 1 0 . 0 8 
0 . 2 5 1 . 4 4 1 . 5 7 

1 0 3 

! 1 ' 1 9.2 1 1 1 
3.0 1 1 
5 . 0 5 

13 

2 0 9 2 

1 7 . 0 5 

0 . 5 5 

1 4 0 7 

2 0 4 3 

10 

19 • 

1 4 3 

2 7 . 7 3 

1 2 3 

1 4 . 4 

8 . 1 7 

-

i 
. 

. 

. 1 

1 
1. 

; 

0 .06 1 

0 . 0 3 

0 . 4 5 

1 . 6 3 

' 

' 

! 
' 

• 1 

• 1 
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/OtCAV.-i; -[.VriO^lM b\101l\TOIu' - ECT Water Data 

miie-iVar,;e (and/'ur code) Date ttiiim 

Values in mi-yi (except cor.d.. p'!, nmi . and tcr.ip.) 

_ 

— 

P2ra.-e:cr 

f'-°'-'. cf.s 

Di35. 0, 

p l (fiel-^) 

Ff! (!-b) 

T:.-t.. rH:0) 

Tt.-.,. (air) 

Ccni. 

ATTv-.-^ia-N 

Otlorid; 

ni :or id3 

Sulfate 

TD Solids 

TS Solids 

A11:alL-ut/ 

Acidity 

Total Fe 

.Diss. Fe 

" Ca 

. • I L I , 

" r.\ 

i: 

" ^h 

•• Al 

Cu" 

Zn 

Sr 

Cd 

Co 

Cr 

" V 

" >v> 

Hi 

•• rb 

" ",: 

1 0 1 

3 . 7 0 

1 0 . 2 

7 . 9 

7 . 60 

25 

2 9 4 7 

1 . 1 5 

1 4 . 34 

0 . 4 9 

1 3 0 1 

3 3 2 4 

3 2 . 3 

3 5 0 

104 

0 . 5 9 

9 5 . 8 

5 6-. 3 

1 . 32 

0 . 46 

0 . 00 

0 . 0 2 

2 . 3 2 

1 0 2 

. 

5 . 4 2 

1 0 . 6 

6 . 7 

7 . 9 1 

23 

1 0 3 

5 . 57 

9 . 2 

7 . 1 

7 . 9 2 

23 

1 
1 6 1 5 

0 . 2 1 

1 4 . 29 

0 . 39 

1 0 0 9 

1 7 1 7 

3 2 . 3 

268 

43 

0 . 26 

8 4 . 5 

5 3 . 2 

0 . 7 0 

0 . 1 7 

0 . 0 1 

0 . 0 0 

2 . 1 1 

1 5 4 3 

0 . 0 7 

1 6 . 12 

0 . 4 4 

7 4 2 

1 7 9 0 

1 8 . 8 

2 5 4 

24 

0 . 33 

8 3 . 5 

5 4 . 5 

0 . 57 

0 . 36 

0 . 0 0 

0 . 0 0 

1 . 94 

1 0 4 

1 6 . 8 9 

1 0 . 2 

7 . 2 

7 . 8 8 

22 

1 2 5 2 

0 . 0 6 

1 6 . 9 3 

0 . 32 

1 1 8 2 -

1 0 0 1 

3 4 . 4 

1 9 8 

43 

0 . 23 

Sj.-g^in 

1 . 3 6 

9 . 8 

7 . 1 

7 . 8 7 

22 

° lb^? ' 

3 . 98 

1 0 . 4 

7 . 3 

7 . 9 3 

23 

1 . 
6 7 7 

0 . 0 5 
1 8 . 4 0 

0 . 14 

2 6 9 

4 9 7 

1 2 . 0 

92 

22 

0 . 2 2 

• 1 
7 2 . 7 

9 2 . 2 

0 . 5 7 

0 . 3 0 • 

0 . 0 1 

0 . 0 0 

1 . 4 5 

3 5 . 1 

1 0 9 2 

0 . 0 4 

1 5 . 5 1 

0 . 1 9 

5 7 4 

9 9 0 

3 2 . 0 

1 5 9 

13 

0 . 2 9 

8 6 . 6 

. 1 
2 5 . 4 9 8 . 3 

0 . 1 4 

0 . 9 6 

0 . 0 1 

0 . 0 1 

0 . 40 . 

0 . 63 

0 . 53 

0 . 0 1 

0 . 0 0 

1 . 1 5 -

107 108 

1 
• 1 3 .5 

5 . 9 

7 . 5 2 

23 

4 . 8 

[ 4 . 4 0 

1 22 

1 
2 7 3 1 

2.-4 2 

1 7 . 7 3 

0 . 4 9 

2 9 4 9 

2 9 , 4 9 0 

55 

36 

1 . 5 5 

3 2 . 0 

1-3 0 

8 . 5 9 

0 . 53 

0 . 0 1 

0 . 0 1 

2 . 7 5 

1 8 2 1 

2 . 0 9 

17 ; 7 7 

0 . 5 4 

1 4 0 1 

2 0 9 0 

3 2 . 8 

0 

55 

2 . 1 6 

9 3 . 2 

5 1 . 4 

1 3 . 6 7 

0 . 0 7 

0 . 0 7 

0 . 5 6 

1 . 2 6 

1 
1 i 
1 1 

1 
" 1 

1 i 
1 1 
1 ! 
1 
1 

• 

1 

1 
\, 
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lim\r.i\ •Al-IO.-LU. l.MaiUTOl;Y - LCT V/nter Da:a 

Hine-tx'ar.-.e (and/or code) 
Date 4 / 2 7 / 7 7 

Values in ir.yjl (except cend., pM, Bow, and tc,^.) 

104 ^Vifl'^'^\rP 107 , _ 1 M . 
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/nax:n • ivrio.-LU. i/iron.vroi;r - LCT w.itor Data 

Hine-Kan;9 (and/or code) Date 5 / 9 / 7 7 

Values in ayji- (except cond., pM, Ela,/, and tei.T.) 

Fltrv, cf r, 

Diss. 0 , 

f«i (.ti'^i.-:) 

ffl (lab) 

Tiro, rri-3) 

T:=.. (air) 

C=.-.i. 

ATTvpJa-N 

Sulfate 

TS Solids 

AlVjlL-iit/-

" Ca 

" Zn 

" Cd 

• Cr 

" V 

— " II,; 

1 0 1 • 1 0 2 1 0 3 

9 . 2 

5 . 3 

7 . 22 

22 

3 8 7 0 

0 . 12 

17 . 5 1 

0 . 25 

2 3 7 8 

1 0 4 

i " 1 
9 . 3 1 8 . 8 | 8 . 3 

7 . 8 1 7 . 2 | 7 . 3 

7 . 6 0 1 7 . 7 2 | 7 . 7 5 

23 1 23 24 

1 
3 5 1 7 1 3 2 2 3 2 2 0 2 

0 . 0 4 1 0 . 0 2 j o . 0 4 1 

1 2 . 5 0 1 1 5 . 1 8 | l 4 . 5 9 

0 . 2 5 1 0 . 2 7 | 0 . 2 3 

2 0 8 9 1 1 9 5 0 1 1 2 1 3 

3 5 1 7 3 2 4 6 | 2 2 3 3 

5 . 6 | 5 . 3 1 1 3 . 2 | 1 . 2 

3 8 3 h o o 1 2 7 7 | 2 0 3 

1 0 8 | 8 4 1 72 | 4 4 

0 . 4 3 1 0 . 0 5 

8 0 . 7 

91- . 5 

1 . 2 2 

2 . 0 1 

0 . 03 

0 . 0 1 

2 . 94 

84 

8 2 . 5 

0 . 07 

3 . 8 0 

0 . 0 6 1 0 . 2 1 

. 1 • 
7 3 . 6 

8 6 . 0 

0 . 1 0 

3 . 25 

0 . 02 1 0 . 00 

6 5 . 7 

9 0 . 3 

SJLQE^L-IS m' 1 0 7 

1 
1 ! 

1 1 . 2 1 8 . 1 j 

7 . 7 | 7 . 2 | 6 . 9 

8 . 0 1 J7 .70 1 
20 24 1 

1 0 8 

8 . 1 1 
4 . 5 

7 . 4 1 | 4 . 0 9 

24 1 22 i 

1 1 1 
7 9 1 | l 5 5 7 1 

0 . 0 4 l o . 0 4 1 

1 7 . 7 7 | l 7 . 0 1 1 

2 9 6 1 | 1 8 2 8 

1 7 . 9 1 | l 8 . 4 9 

O . l o j o . 1 0 | 0 . 4 9 j o . 4 7 

319 

599 

1 4 . 8 

1 0 1 

10 

0 . 0 7 

2 7 . 2 

4 3 . 2 

1 
0 . 0 7 

3 . 2 3 • 

0 . 0 1 

0 . 0 1 1 0 . 0 0 1 0 . 0 0 

2 . 1 0 1 2 . 2 4 
[ X 

• I 

1 . 

i 
1 

0 . 30 

4-

J 

0 . 0 3 

t 1 . 8 2 

1 0 . 0 0 

0 . 0 2 

0 . 4 1 

759 1 

16 

157 

36 

0 . 2 0 

4 3 . 9 

4 1 . 7 

0 . 0 9 

1 . 5 0 

0 . 0 1 

0 . 0 1 

1 . 2 6 

• 

2 1 3 0 1 9 3 2 

1 
1360- J 1 3 . 5 

49 1 0 

40 1 57 
0 . 1 0 1 0 . 3 0 

1 
7 4 . 8 1 7 9 . 2 

1 
2 3 1 | 9 2 . 1 

1 
10 . -9 8 

1 . 5 5 

0 . 0 1 

0 . 0 2 

3 . 0 1 

1 5 . 0 4 

4 . 3 7 

0 . 0 5 

0 . 4 3 

1 . 7 3 

-

1 
1 
1 
1 
1 
1 

. 

. -

, 1 

1 
1, 
I 

1 

' 
' 
• 

• 

• 

' 

' 
1 
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Hine-{ian;e (and/or code) 

/,;tc«o;i: ^-vno^iu. i/aaiuTOM - LCT w.ntcr Data 

:• Thte 5 / 2 3 / 7 7 

Values in r,yjt (except cond., pH. flo^^ and tcrrp.) 

1 m • 1 0 9 

P a n - e t e : 

now, cf .s 1 1 

Ciss 0, 8 . 5 i 

fH (lab) 1 7 . 4 2 

Tern. P:0)| 

T:=.. (air) 

C:r.J. 

Anx-oia-N 

Oiloride 

FlUJridit 

Sulfate 

TS Solids 1 

Altai L-uty 

Aridity 

Total Fe 

Diss. Fe 

Ca 

- r 

" Vn 

" Al 

" Ol' 

" Zn 

" Sr 

" Cd 

" Co 

" Cr 

" V 

» Jh 

25 

3 4 9 5 

0 . 0 8 

1 2 . 8 6 

0 . 4 8 

2 2 0 9 

4 1 6 7 

38 

458 

73 

1 . 0 5 

4 0 2 

8 . 0 9 -

1 . 0 8 

0 . 8 3 

0 . 0 2 

0 . 0 2 

2 . 3 1 

1 0 3 104 

1 1 
. 6 1 7 .4 1 7 . 0 

, . 4 1 5 .8 1 5 .9 

? . 7 2 

28 1 

1 
3 7 0 5 

0 . 0 1 1 

1 5 . 1 2 1 

0 . 2 5 1 

2 1 4 4 j 

3 8 3 0 

4 0 

3 2 6 

4 0 

0 . 3 6 

3 7 7 

7 . 7 8 

0 . 3 2 

1 . 1 9 

0 . 0 1 

0 . 0 2 

1 . 9 3 

7 . 8 1 | 7 . 7 9 

29 1 28 

1 1 
3307 I2738 1 

0 . 0 1 | 0 . 0 3 

1 5 . 1 4 I 1 9 . 5 5 

0 . 3 3 I 0 . 3 7 

1 9 3 5 | l 5 1 7 -

3 3 2 0 I 2 8 5 3 

42 

291 1 

28 

0 . 1 0 

357 1 

65 . 3 

6 . 8 6 

0 . 2 9 

0 . 6 2 

0 . 0 2 

0 . 0 1 

1 1.77 

1 

1 9 5 

2 2 4 

17 

0 . 1 2 

1 4 0 

1 1 2 
6 . 9 0 

9 . 3 1 

1 . 3 9 -

0 . 0 1 

0 . 0 1 

| 1 . 6 0 

._ 

S j i ^ l i n s m' 
1 . 

7 

8 . 2 

7 . 0 

. 8 8 

. L 
1 7 6 2 

0 . 0 7 

I33 .35 

I0 .28 

1 375 

J1450.. 

1 
1 

— 

1 

. _ 

-39 1 

2 3 5 

10 
0 . 2 1 

9 3 . 8 

1 1 2 

7 . 8 9 

| 0 . 5 1 • 

| 0 . 4 8 

j o . o i 

0 . 0 0 

0 . 9 7-

1 0 7 

7 . 0 

. 5 8 

26 

4 . 4 0 

2 1 . 3 5 

0 . 5 2 

2 2 7 5 

4 0 1 4 

1402 • 1 

68 

0 . 0 8 

4 5 7 

2 2'9 

2 1 . 1 1 

| 9 . 2 0 

0 . 4 7 

0 . 0 2 

0 . 0 1 

3 . 6 6 

1 0 3 

1 
7 . 5 

4 . 9 

5 . 7 9 

27 

3108 . 

3 . 5 0 

1 6 : 6 1 1 

0 .79 1 

1 9 5 5 t 

3 0 3 9 

18 • 

43 

0 . 2 7 

397 

842 

1 1 . 3 6 

| l l . l 4 

| 0 . 0 9 

0 . 0 3 

0 . 3 8 

1 . 6 8 

• 

1 

1 
1 
1 

_ J 

. 1 

1 

1 

1 

; 

1 • '• 
1 i 

-J 

i 
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;jtC<\\rH :iYiIOM\L lAlOlUTORY - LCT Water Data 

Mine-Name (and/or code) Date blbin 

Values in npyi (except cond., p!I, flo-.f, and tci.Ti.) 

Para.'T'.etcr 

ncr^. c f ••5 1 

Diss. Oj 1 

^\ (field) 

fH (lab) 

Tern. P:0) 

T:.-:.. (air) 

Ccr.i. 

Aircrua -N 

a i o r i d i 

Fluoride 

Sulfate 

TD Solids 

TS Solids 

Altai L-jty 

A:idi:y 

Toul Fe 

" Ca 

. . . . 1 , 

" Ka 

Vn. 

•• A l 

" Ol" 

" Ul 

Sr 

" Cd 

" Co 

" Cr 

•• V 

" >b 

" Ki 

•• rb 

" 11; 

1 0 1 • 

. 8 

7 . 3 

7 . 2 9 

29 

4 1 2 6 

0 . 0 5 

1 4 . 1 4 

0 . 2 2 

2 1 5 6 

4 2 7 5 
3 0 . 8 

3 6 6 

78 

0 . 1 8 

133 

8 7 : 4 

0 . 8 1 

0 . 7 3 

0 . 0 1 

0 . 0 2 

2 . 6 7 

0 . 0 1 3 

0 . 0 1 
0 . 0 0 

0 . 0 1 

0 . 1 2 

1 0 2 1 0 3 1 0 4 

1 1 
8 . 1 1 

6 .7 1 

7 . 6 2 1 

3 0 . 5 1 

3987 1 

0 . 0 1 

1 5 . 1 7 

0 . 1 5 

2 1 2 0 

3 9 7 2 
3 1 . 2 

2 8 9 

50 

0 . 0 9 

1 2 5 

8 3 . 9 

0 . 0 3 

• 0 . 3 6 

0 . 0 4 

0 . 0 2 

2 . 1 6 

0 . 0 1 8 

0 . 0 1 

0 . 0 0 

0 . 0 1 

0 . 1 9 

7 . 0 1 6 . 6 

7 . 4 1 7 . 5 

7 . 6 9 | 7 . 6 8 

32 1 33 

j 
3 7 1 8 2 9 3 3 

O . O l l 0 . 0 1 

1 5 . 8 5 j l 8 . 2 2 

0 . 0 3 | 0 . 1 7 

2 0 1 1 | l 4 1 4 -

3 5 6 7 
1 9 . 2 

2 5 3 6 
1 6 . 4 

2 2 4 1 2 0 1 

47 1 22 

0 . 1 0 I 0 . 1 2 

• 

1 2 2 9 4 . 6 

1 
8 3 . 1 

0 . 0 1 

0 . 7 3 

0 . 0 0 

0 . 0 2 

2 . 0 5 

0 . 0 1 2 

0 . 0 0 
0 

0 . 0 1 

0 . 1 1 

1 0 5 

0 . 0 3 

0 . 6 5 -

0 . 0 1 

0 . 0 1 

1 . 6 4 

0 . 0 1 3 

0 . 0 1 

e 

0 . 0 1 

0 . 0 2 

S£.-^in 

DRY 

= Htfl 

6 . 6 

7 . 2 1 

7 .58 

3 1 

1998 

0 . 0 1 

1 8 . 8 0 

0 . 1 3 

9 5 0 

1 5 4 3 

1 7 . 6 

2 0 7 

3 1 

0 . 0 4 

7 3 . 8 

1 2 0 

0 . 0 9 

0 . 7 8 

0 . 0 3 

0 . 2 2 

1 . 4 4 

O-OOR 

0 . 0 1 

0 

0 . 0 2 

0 . 0 9 

107 

• 

7 . 1 1 
7 . 4 9 

2 8 

i n s 

7 . 2 

6 . 0 

5 . 4 8 

30 

1 3 3 9 0 

4 . 8 0 

2 2 . 1 1 

0 . 3 0 

2 0 8 8 

4 2 5 9 

7 9 , 2 6 2 

5 8 

33 

0 . 8 

1 4 5 

3"0.3 

10". 53 

0 . 4 8 

0 . 0 3 

0 . 0 1 
3 . 2 0 

0 . 0 6 4 

n - 1 7 

0 . 0 0 

0 . 22 

0 . 2 9 

2 . 8 0 

1 6 . 6 1 

0 . 4 3 

2 0 1 8 

3 2 4 5 

2 3 . 5 

0 -

43 

0 . 1 9 

1 3 1 

114 

1 5 . 6 5 

2 . 1 9 

0 . 0 2 

0 . 4 0 
1 . 8 0 

0 . 0 2 6 

0 . 2 1 

0 . 0 0 

0 . 2 2 

0 . 2 6 

1 1 
1 1 

• 

1 
1 
1 
I 

• 

^ _ ^ — V 

' 

-



77 

fHCi\\r.y: M-lOXiL IAIOIUTOI;Y - LCT Water Data 

Mine-Name (and/or code) Date 
6 / 2 0 / 7 7 

Values in mi'/l (except cond.. pll, n o » , and ter.?.) 

fil ( f isUl 

pH CUb) 

l'.ro. Crf-.o) 

Tt--i. ( i i r ) 

Anx-ria-N 

TS Solid* 

AlfcilL-ut/ 

Aridity 

•• In 

•• 04 

" II,'. 

1 0 1 • 1 0 2 1 0 3 1 0 4 

1 " 1 1 
3 . 4 

7 . 6 

6 . 9 1 

25 

4 0 0 7 

0 . 0 6 

1 6 . 03 

0 . 4 3 

2237 1 

4 9 1 6 

5 2 . 8 

4 4 0 

1 3 9 6 

0 . 2 5 

1 9 9 

9 9 8 -

0 67 

0 . 1 6 

0 . 0 1 

0 . 0 1 

3 . 2 / -

8 .4 1 7 . 6 1 7 . 9 
7 .8 1 7 . 5 1 7 . 5 

7 . 6 1 1 7 .69 1 7 . 7 1 

28 1 28 1 2 8 . 5 

1 
3878 1 3291 
0 . 0 1 1 0 . 0 1 

14.921 1 6 . 5 7 

0 .24 1 0 . 3 2 

1 9 4 5 

4 6 7 6 

4 8 . 8 

2 7 8 

3 7 3 

0 

2 0 0 

9 8 2 

2 2 2 0 

4 4 3 8 

4 3 . 6 

217 1 

0 

2 0 2 

3579 1 
0 . 0 2 

1 6 . 1 2 

0 . 3 3 

2395-

4 2 5 2 

4 0 . 4 

2 3 2 

0 . 0 7 

1 9 6 

9 5 0 

0 . 0 1 

0 . 4 5 

0 . 0 3 

0 . 0 1 

2 . 8 2 

0 

0 

0 . 0 0 

0 . 0 1 

2 . 6 6 

9 7 4 

0 

S n ^ l ^ S 

DRY 

Hm 107 

1 7 . 2 1 
7 .4 1 6 .0 

1 0 8 

i 
7.7 1 

5 .0 1 

j 7 .59 1 7 . 3 9 I 4 .09 

1 27 1 27 1 28 

1 1 1 
1 2287 i 3878 1 3599 
1 0 . 0 3 1 -2.251 

! 1 8 . 7 6 1 2 5 . 1 7 

1 0 .29 1 0 .82 

1 1107 1 1945 

j 2131 1 4455 
j 2 2 . 8 

j 236 
1 5 6 8 

1 0 . 0 8 

1 1' 153 

1 

0.23-1 

0 . 0 2 1 
0 . 0 1 1 

2 . 5 7 1 

1 4 4 8 

. 
0 . 3 5 

0 . 4 4 

0 . 0 0 

0 . 0 0 

1 . 5 9 

1 3 5 6 . 0 | 

29 

3 3 3 

2 . 6 0 

2 4 . 7 0 

0 . 8 8 

1 

1 -
1 
1 

1 1 
1 
1 
1 
1 

2319 1 1 

2 5 7 5 1 
3 3 . 5 1 

0 . 1 
1 0 1 7 

0 .02 1 0 . 2 1 

3 8 1 

1*4 03 

21- . 62 

0 . 4 5 

0 . 0 0 

0 . 0 4 

2 . 7 4 

5 4 3 

1 2 4 3 

_ 1 
• 

' 
1 1 

j i 

t 
1 • 

24.171 1 

1 2 . 0 9 1 
0 . 0 1 

0 . 3 7 

2 . 5 9 1 
I 

1 
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UlCVtO^n MlO^llL bVfOIUTORY - LCT Water Data 

Itiiie-{»'jr,;e (and/or code) Date 7 / 5 / 7 7 

Values in rr.yjl (except cond., pM, noi/ , and tcr.Tp.) 

.. 

— 

Para-T.etcr 

Flo-.., c f r. 

Diss. 0, 

fil (field) 

FH (lab) 

Te.-p. f.I:0) 

Te=,. (air) 

C-. i . 

A^rcria-N 

0\lorid; 

Fluoride 

Sulfate 

TD Salids 

TS Solid: 

AltalL-uty 

Aiidi:^' 

Total Fe 

Diss. Fe 

" ca 

" MT 

" Ki 

r 
" Vn 

Al 

•• Q i ' 

" Zn 

Sr 

" Cd 

" Co 

" Cr 

" V 

- th 

" Mi 

rb 

•• It,: 

1 0 1 

2 . 9 3 

9 . 2 

7 . 4 

7 . 0 0 

3 1 

4 1 2 8 

0 . 0 3 

1 6 . 0 3 

0 . 2 7 

2 0 9 2 

4 2 1 1 

5 8 . 4 

3 3 7 

1 7 2 7 

0 . 3 2 

7 2 . 4 

1 1 7 . 0 

0 . 8 5 
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Appendix F 

Graphs of Water Quality Parameters as a Function of Time 
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